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PREFACE

In late 1976, a study to produce a wave climate for US coastal waters I
was initiated at the US Army Engineer Waterways Experiment Station (WES). The

Wave Information Study (WIS. was authorized by the Office, Chief of Engineers,

US Army, as a part of the Coastal Field Data Collection Program which is man-

aged by the WES Coastal Engineering Research Center (CERC). The US Army Engi-

neer Division, South Atlantic, and the US Army Engineer Division, New England,

also authorized funds during the initial year of this study (FY 1978) to ex-

pedite execution of the Atlantic coast portion of the program.

This report, the thirteenth in a series, is a summary of the data pro-

duced and archived by the WIS for the Atlantic coast. It was prepared by

Mrs. Rebecca M. Brooks and Mr. W. D. (Sam) Corson of CERC under the direction

of Dr. R. W. Whalin, Chief of CERC, Mr. C. E. Chatham, Jr., Chief of the Wave

Dynamics Division, and Mr. D. G. Outlaw, Chief of the Waves Processes Branch.

Mr. J. H. Lockhart, Jr., Office, Chief of Engineers, is the Technical Monitor

for the Coastal Field Data Collection Program.

Commander and Director of WES during the preparation and publication of

this report was COL Tilford C. Creel, CE. Technical Director was Mr. Fred R.

Brown.
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SUMMARY OF ARCHIVED ATLANTIC COAST WAVE INFORMATION STUDY

PRESSURE, WIND, WAVE, AND WATER LEVEL DATA

PART I: INTRODUCTION

1. The basic steps in the calculation of waves from past meteorological

data are shown in Figure 1. First, pressure data must be assimilated into a

pressure field that depicts all important synoptic weather features. Gradients

63 X 63 NORTHERN HEMISPHERE
PRESSURE GRID

DIGITIZED PRESSURE
CHARTS FOR RESPECIFIED CENTRAL
COASTAL AREA PRESSURE

PRESSURE FIELD ANALYSIS

GRADIENT-ISALLOBARIC
WIND

THERMAL STRUCTURE "
OF ATMOSPHERE

PLANETARY BOUNDARY LAYER MODEL

SHIPS OBSERVATIONS

BLENDING

SURFACE LEVEL
WINDS

(19.5 M)

BASIN GEOMETRY &
GRID SPECIFICATION

DEEPWATER WAVE MODEL

DEEPWATER WAVE DATA

Figure 1. Schematic of hindcast production
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of pressure in time and space, along with certain thermal characteristics of

the planetary boundary layer, then are used to construct an estimate of a

quasigeostrophic wind speed and direction at some level where it is assumed

that the frictional effects of the ocean surface on the atmosphere are negli-

gible. Next, an analysis of the vertical variation of the wind in the plan-

etary boundary layer is used to reduce this wind to a common 19.5-m level.

Finally, these surface winds are input into a numerical wave model to simulate

wave generation, propagation, and decay.

2. The Wave Information Studies (WIS) for US coastlines separated the

Atlantic coast wave climatology into three phases (Figure 2):

PHASE MII PHASE II PHASE I

NEARSHORE ZONE SHELF ZONE DEEP OCEAN

1z W SYNOPTIC, MESOSCALE MESOSCALE AND SYNOPTIC SYNOPTIC AND LARGE SCALE
I L CONVECTIVE

( L 4_
o U Ax LESS THAN 10 MILES x 10'S OF MILES Ax 100'S OF MILES

t LESS THAN 3 HOURS 't 3 TO 6 HOURS ' GREATER THAN 6 HOURS

W AIR-SEA INTERACTION AIR-SEA INTERACTION AIR-SEA INTERACTION
REFRACTION REFRACTION
DIFFRACTION DIFFRACTION
SHOALING SHOALING
BOTTOM FRICTION BOTTOM FRICTION

W>__ LONG WAVES (TIDES
AND SURGE)

SECONDARY
WAVE TRANSFORMATION ENERGY SOURCE rRIMARY ENERGY SOURCE

WAVE TRANSFORMATIONS

Figure 2. Conceptual diagram of the three phases of the
Wave Information Study
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a. Phase I - Numerical hindcast of deepwater wave data from his-
torical surface pressure and wind data.

b. Phase II - Numerical hindcast at a finer scale than Phase I to
better resolve the sheltering effects of the continental geom-
etry. Phase I data serve as the boundary conditions at the
seaward edge of the Phase II grid.

c. Phase III - Transformation of Phase II wave data into shallow
water and inclusion of long waves.

Figure 2 presents a schematic of the relationships of the three phases and

their approximate boundaries.

3. Since digitized surface pressure data were available for the period"'.-

1956 through 1975 when the WIS began in 1976, it was decided that the hindcast

would be performed for that 20-year interval.

4. This report presents an overview of the data processed in hindcast-

ing the wave climate for the US Atlantic coast. The data sets discussed are:

(a) ships' observations,* (b) reconstructed pressure fields, (c) hindcast wind

fields (Phases I and II), (d) hindcast wave data (Phases I, II, and III), and

(e) hindcast water level data. The availability and formats of these data

sets are summarized.

* The procedure for processing the surface marine data detailed in this re-
port was applied to three separate data sets, one each for the Atlantic, the
Pacific, and the Gulf of Mexico. The other available data sets pertain to
the Atlantic Ocean only.
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PART II: SURFACE MARINE OBSERVATIONS .
5. Surface marine information is the sole source for the air and sea

temperature data mandatory in the definition of atmospheric thermal stability.

These data, assimilated for the Northern Hemisphere, are available from the

National Climatic Data Center (NCDC), National Oceanic and Atmospheric Adminis-

tration (NOAA), in Asheville, North Carolina. This information, Tape Data

Family 11 (TDF-11), is organized geographically using the Marsden Square Num-

bering System (10 deg latitude by 10 deg longitude). Three separate subsets

of TDF-11 were needed to construct the ships' observations data bases for the

WIS. Figures 3, 4, and 5, respectively, show the areas from which raw data

were selected for the Atlantic Ocean, Pacific Ocean, and Gulf of Mexico.

6. On the original NOAA tapes there are 39 data fields for each re-

ported observation, and 19 of these data fields were needed for the WIS. Each

data set contains location information, a date-time identifier, wind velocity

and direction values, sea-level pressure, and air and sea temperatures. Local

sea and swell parameters were retained in the WIS data base for the Gulf of

Mexico only. For the Atlantic and Pacific Oceans, sea and swell information

was retrieved from the original TDF-11 tapes as required for comparisons dur-

ing model verification.

7. Each set of marine data had to be reorganized with respect to time,

beginning with the earliest year. The initial step in building the three chro-

nological data bases consisted of numerous computer runs to search 265 of the

500 TDF-11 tapes for marine information available during the time period re-

quired by WIS (1956-1975). To economize space, the data from these 265 tapes

were merged onto 44 reels, each containing approximately 400,000 records.

Since the original TDF-l1 coded format was maintained throughout this primary

search, these 44 consolidated tapes required sorting with respect to time.

Dates for all WIS data are referenced to Greenwich mean time (GMT).

8. The chronological sorting of the ships' observations could not be

efficiently accomplished on WES's Honeywell 635 computer due to the sheer mass

of data (almost 16,000,000 observations for the three water bodies) that had

to be processed. The Texas Instruments Advanced Scientific Computer (TI-ASC

or ASC), which was available at WES for a limited time, had the capacity to

accommodate this extremely large-scale data processing. Therefore, each of

the consolidated tapes had to be converted to formats compatible with the ASC.

6
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PHASE VI: PHASE II HINDCAST WAVE DATA

23. As with Phase 1, Phase 1I wave data were generated by numerical

simulation of wave growth, propagation, and decay for historical wind fields.

Phase II calculations were performed as an intermediate step between the

Phase I hindcast and the Phase III nearshore wave transformations to provide

a better representation of the effects of coastline geometry on wave genera-

tion near the Atlantic coast. Also, refraction and shoaling effects were

included for those points which lie in water depths less than 100 m. Both

of these factors can combine to produce significant changes in wave conditions

in embayed and sheltered areas along the Atlantic co 1 st.. Without proceeding

thro'ugh the full Phase II calculations, such effects could have only been -

treated as heuristic or empirical modifications to the Phase I data before

initiating the Phase III nearshore wave transformations.

24. The Phase II wave hindcast calculations were performed on the SOG

with points four times as dense as the 31 by 31 grid used for Phase I.

Phase I data were used as boundary conditions for Phase 11. Figure 12 shows

the limit of the Phase 1l calculations and all locations for which the hind-

cast wave information is retained on magnetic tape. Several data processing

and analysis programs were employed to create the 20-year (1956-1975) geo-

graphically oriented parameter tapes for the 73 locations (Table 4) along the

Atlantic coast. In order to maintain a workable report size, the analyses of

3' of the 73 Atlantic coast Phase If stations were selected for publication in

Corson, et al., 1982 (Figure 13). Each three-hour synoptic record contains

wind speed and direction* values in addition to the simple wave characteris-

tics that describe the local sea and swell. The six parameters for each time-

step (height, period, direction for local sea and swell) are recorded as de-

s(ribed for the processed Phase I hindcast wave data (Part V, paragraph 21).

25. The unlabeled points in Figure 12 indicate locations for which - .1

Phase fI hindcast wave data exist, but only in the unprocessed form (packed

tormat ) as they were produced by the wave model. The first-form

The value of the wind direction is the direction toward which the waves are

traveli ng as shown in Figure 9. The angles are measured counterclockwise
with 0 deg as due east. Conversion instructions for finding azimuth values
for directions from which waves come are detailed in Figure 9.

2
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22. The 20-year parameter data set for each of the 13 Phase I locations

has been transferred to NCDC and incorporated into their master library.

These data may be obtained through Customer Service at NCDC (reference Tape

Deck 9787). Corps of Engineers personnel can access these wave data for site-

specific calculations by way of the Sea-State Engineering Analysis System

(SEAS) (Ragsdale 1983).

21
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for the 20-year period of 1956 through 1975. These first-form (unprocessed)

tapes are monthly data tapes containing the two-dimensional spectra (16 direc-

tion bands and 20 frequency bands) for the selected locations (Figure 11) and

wave parameters calculated from the spectral data. These spectra are first-

form data and need to be serially processed and analyzed. This data set is

archived at WES for future reference.

21. Although wave data were hindcast for locations throughout the

Atlantic, the data from 13 locations (stations) were selected for analysis and

publication, since primary interest was in the area adjacent to the US Atlantic

coast (Figure 11 and Table 3). Initial processing required the separation of

local sea and swell information from the total energy represented in the two-

dimensional spectrum calculated by the wave model. This time-oriented data -. '

base for the 13 selected stations was then reorganized with respect to geo-

graphic location. Several FORTRAN programs were employed to finalize the 20-

year record (1956-1975) of hindcast, deepwater, significant wave data (height,

period, and direction) for each of the 13 Atlantic coast stations. Since a

deepwater wave model was used to calculate the results (Corson et al. 1981),

all wave parameters represent deepwater conditions. In the cases where the

actual grid point location is in shallow water, the data should be regarded

as estimates for a point farther offshore in deep water. Six parameters de-

scribing simple wave characteristics (height, period, and direction for local

sea and swell) are recorded for each synoptic time-step (three-hour intervals).

The significant wave height (Hs) analyzed represents the combined sea and
s

swell; that is, the square root of the sum of the squares of the sea and swell

significant wave heights

Hs = H + H2  or 4 otal energys sea swell o

The "sea" periods and directions* are the average periods and directions for

waves in the "sea" region of the spectrum; and similarly, the "swell" periods

and directions are the average periods and directions for waves in the "swell"

region for the spectrum.

The value of the wave direction is the direction toward which the waves are
traveling as shown in Figure 9. The angles are measured counterclockwise
with 0 deg as due east. Conversion instructions for finding azimuth values

for directions from which waves come are detailed in Figure 9.

20



PART V: PHASE I DEEPWATER WAVE DATA P

20. Phase I wave data were produced by numerical simulation of wave growth,

propagation, and decay for historical wind fields at points in a SOG which

cover the North Atlantic Ocean (Resio 1982, Resio and Tracy 1983). Figure 11 A N

shows all locations for which hindcast, deepwater, significant wave information

is retained on magnetic tape. The unlabeled points indicate locations for which

Phase I wave data exist, but only in the unprocessed form (packed format) as they

were generated by the wave model. These data are stored at three-hour intervals

0S 10 15 s0 'o0 9 0 S 5 0S.

, ~~~~~T T', T a'/,-X

T\ r -

., . <v t, 4-

r'ATLANTIC OCEAN ' s
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It5,

L \I+

4

Figure 11. Atlantic Phase I SOG showing all locations for which
first-form hindcast, deepwater, significant wave information isI
retained on magnetic tape. Numbered points indicate sites for

which wave data were published
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PART IX: SUMMARY

33. The objective of ACWIS was to provide the US Army Engineers (USAE)

with hindcast wave and water level information for the US Atlantic coast.

This report shows that additional valuable information has been produced as

part of the WIS working toward its goal. The procedures used and the data

produced have been presented previously in several WIS reports. Since many of

the details of the data processing for the WIS are not included in this sum-

mary report, reports listed in the references and bibliography should be re-

viewed for a more complete understanding of the WIS. The ACWIS has produced

and archived extensive surface pressure data and open-ocean wind data as well

as hindcast wave and water level information. All data produced by the ACWIS

are summarized in Table 7.

34. In addition to WIS data reports (Corson et al. 1981, Corson et al.

1982, Ebersole 1982, and Jensen 1983a), the Atlantic hindcast wave data have

been archived for the USAE on the computer-based data system. SEAS has been

updated with deepwater wave data from the Pacific Ocean and in the near future

will be extended to include shallow-water wave transformations.

37
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the 31 by 31 SOG for the Atlantic Ocean (Figure 7). Table I lists the

latitude-longitude coordinates for each intersection point on the Atlantic

Phase I SOG. A flow chart which summarizes the WIS numerical wind model and

blending programs is provided in Figure 8. The wind velocities and directions

are integer values recorded in knots and degrees, respectively. The value of

the wind direction is the direction toward which the wind is blowing, as shown

in Figure 9. The angles are measured counterclockwise with 0 deg as due east.

Conversion instructions for finding azimuth values for directions from which

the winds are blowing are detailed in Figure 9.

18. The 20 years of Phase I hindcast winds have been transferred to the

NCDC. These data may be obtained through Customer Service at NCDC (reference

Tape Deck 9787). These data also have been retained on magnetic tapes stored

at WES.

19. The wind fields for the Phase II portion of the ACWIS were calcu-

lated on a SOG four times as dense as the Phase I grid. These winds fields

were created via the Phase I interpolated (three-hour) winds. Phase I values

occurring at every other time-step (six-hour intervals) were used to calculate

the Phase II wind fields on the 4x-grid. These six-hour wind fields were aug-

mented by blending in ships' observations at the finer grid scale. The final

Phase II velocities and directions were interpolated to three-hour time-steps.

Figure 10 shows the area of the Phase II grid (41 by 33) for which these inter-

polated wind fields are available. Table 2 lists the latitude-longitude co-

ordinates for each intersection point on the Atlantic Phase II SOG. NCDC also

has integrated these Phase II wind fields into their Tape Deck 9787. Auxiliary

copies of tapes containing this data set have been archived at WES.

15
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PART IV: PHASE I AND PHASE II HINDCAST WIND FIELDS

14. An integral part of the ACWIS 20-year wave hindcast was the recon-

struction of surface wind fields from available historical meteorological

data. Three primary sources of information were used during the reconstruction

of these wind fields:

a. Gridded Northern Hemisphere pressure fields (Holl and Menden-
hall 1971) (as discussed in Part III).

b. North American Historical Weather Map Series (available from
NCDC).

c. Surface marine observations (TDF-11 available from NCDC).

15. Basically, two independent types of information in the three data

sets were considered--pressures and winds. First, the pressure data were con- A

verted by means of an analysis of pressure gradients into estimates of quasi-

geostrophic winds. Then, these approximations are transformed into estimates

of wind vectors at a reference level of 19.5 m above the surface (Resio,

Vincent, and Corson 1982). After the geostrophic-level winds were reduced to

near-surface winds, independent observations from ships (c of above, as dis-

cussed in Part II) were blended into the wind fields. The procedure used was

simply to average the observed wind speed with the nearest grid point wind

speed. Although more sophisticated methods were considered, the effects due

to differences in storm position seemed to offset any potential gain inherent

in a more elaborate methodology. Wind directions from ships were not blended

into the wind fields since a 180-deg direction error can be quite common due

to the manner in which the values are coded. Over the 20-year period for

which calculations were made, approximately 7.4 million ships' observations

were averaged into the final wind fields. These hindcast wind ficlds are

representative of open-ocean winds.

16. The grid on which the surface wind fields were calculated was

generated by latitude/longitude values computed in a coordinate system of

great circle paths for quasi-east/west lines and orthogonals to the great

circle paths for quasi-north/south lines. Use of a SOG resulted in great

circle paths for wave propagation into the east coast of the United States,

the principal area of concern in this study.

17. The hindcast wind fields used as input to the Phase I numerical

model were computed at three-hour intervals for each intersection point on

14
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PART III: SURFACE PRESSURE FIELDS

12. For the Atlantic Coast Wave Information Study (ACWIS), two sources

of sea-level pressure data were used to develop a valid pressure field for

wave hindcasting purposes. The fundamental information was supplied by Meteo-

rology International, Inc., (MII) with supplemental data taken from National

Weather Service (NWS) synoptic surface charts. After extensive comparisons,

it was determined that the MII pressure fields did not suffice for a

synoptic-scale representation of pressure gradients. The pressure field devel-

oped from MII data usually is not as intense as the NWS pressure field in areas

with steep pressure gradients (Corson, Resio, and Vincent 1980). Consequently,

input wind fields for the numerical hindcast model could not be adequately

computed. Considerable effort was expended to find the most efficient method

to reconstruct accurate pressure fields for the ACWIS. It was decided that

the NWS pressure field would be digitized and that this digitized information

would be overlaid on the MII data, with blending on the edges to achieve

L continuity between the two fields (Corson, Resio, and Vincent 1980). Figure

6 outlines the steps taken to produce the ACWIS pressure fields.

13. The resulting pressure fields used in the development of input wind

fields for the Atlantic Ocean wave hindcast are stored on magnetic tape in the

WES tape library. Pressure data are available at each intersection point on a

61 by 61 spherical orthogonal grid (SOG) which is approximatelv twice as dense

as the 31 by 31 Phase I Atlantic grid (Figure 7). The svnpt ,bservations

recorded at six-hour intervals, are arranged ihclgialv heginriing in 1956

through 1975 with six months of data per tape h smI. 7il.f. T.ipe), ('rltains

approximately 720 Atlantic SOG pressure tields

Al

-- ---* .-- " ' " tt- '" - - " -: :-



W 9. After the data were accessible on the ASC, the major effort of re-

organizing these data was addressed. The initial step in this reorganization

procedure involved spawning the geographically-oriented data from each consoli-

dated reel onto 20 reels, each conta t-ing one year's data. This step was re-

.. peated until all raw data from the 44 original tapes were contained on 20

yearly tapes. Before each year's data were sorted chronologically for the

last time, a quality check was employed to validate that each of the 20 yearly

tapes contained only one year's data.

10. At this point, the ships' observations needed in the production of

the WIS pressure fields and wind fields were contained on 20 individual tapes.

Except for the date fields, the parameters on these tapes were still recorded

in coded formats as the original TDF-11 data. Due to this coding, the air and

sea temperature fields contained special characters created by multipunch sign

storage. The final step of processing checked for and interpreted these

special characters on each of the 20 tapes. The parameters in the remaining

data fields conform to the original TDF-11 coded formats.

11. The period of interest for the WIS hindcast was the 20 years from

1956 through 1975. The period of record for the WIS ships' observations data

begins in 1950 but ends in 1974, due to the unavailability of 1975 data at the

time the original TDF-11 tapes were purchased. The final chronological ships'

observations data for the Atlantic, Pacific, and Gulf WIS are stored on digi-

tal computer tapes in the WES tape library.
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two-dimensional spectra (16 direction bands and 20 frequency bands) for all

Phase II points are archived at WES for future reference.

26. The 20-year parameter data set for each of the 73 Phase II loca--

tions has been transferred to NCDC and incorporated into their master library. -

These data may be obtained through Customer Service at NCDC (reference Tape

Deck 9787). Corps of Engineers personnel can access these wave data for site-

specific calculations by way of the SEAS (Ragsdale 1983).
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4 PART VII: PHASE III NEARSHORE WAVE DATA

27. For the 166 Phase III segments along the US Atlantic coast, Phase II

wave data were transformed into wave data at a constant depth of 10 m (Figures

14-19 and Table 5). As with Phases I and II, these shoreline sections of coast

have 20 years (1956-1975) of hindcast significant wave data (height, period, and

direction) stored at three-hour intervals (Jensen 1983a, 1983b). The directions

computed in Phase III are referenced to the local shoreline (Figure 20). Since

the wave directions are ralative to the shoreline orientation, shoreline

oi

450 700 668° •6

W. QUODDY HEAD

e2

4 RCKLND ~e~a:NOVA SCOTIA

''.1. .1019 .. I
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0
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Figure 14. Locations of Phase III stations for shallow-water
wave information along the Atlantic coast, Region 1
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Figure 20. Classes of wave angle directions for
Atlantic Phase III stations

angles (referenced to north) are provided for each Phase III shoreline section

with the wave parameters (Figure 21). During the computations, differences in

wave characteristics caused by fluctuation in water depth (due to tides and

surges) were neglected. The Phase III wave data were generated assuming

straight and parallel bottom contours, and no additional energy sources were

added to existing Phase II wave conditions.

28. There were two basic steps in the calculation of the shallow-water

wave climate (Jensen 1983b). First, the given Phase II sea wave parameters

(height, period, and direction) were used to construct a two-dimensional (fre-

quency and wave direction) discrete spectrum. Only the energy bands (in the

directon space) that were within ±90 deg to shore normal for a given Phase III

station were retained. The analysis became slightly more complex when wave

sheltering was introduced. The swell was assumed to be a unidirectional, mono-

chromatic wave. If the deepwater swell mean direction of wave propagation was

±90 deg to shore normal, then the data were analyzed.

29. The second step in the Phase III analysis assumed that the two wave
3

32 
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Figure 21. Coordinate system for Atlantic Phase III
shoreline orientation

populations were independent; thus, the analysis of the sea and swell trans-

formations into 10 m could be carried out separately. The transformation

mechanisms common to both populations were refraction, shoaling, wave breaking,

and wave sheltering (when applicable). One additional mechanism involved in

the sea wave transformation was the influence due to nonlinear transfers of

spectral energy, known as wave-wave interactions. Any number of transforma-

tion mechanisms can be considered within the framework of this approach. This

means that it is easy to add or delete mechanisms from the computer analog.

As shallow-water wave transformation mechanisms become more clearly under--

stood, the Phase III data will be updated. At the present time, the processes

included in thte Phase ITL methodology provide an accurate basis for the

generation ot a shallow-water wave climate.

30. The 20-year parameter data set for each of the 166 Phase III

33



I! * Ii I * * Ir I 11 * I II -. -- I w-t-vi-I t

locations has been transferred to NCDC and incorporated into their master
library. These data sets may be obtained from Customer Service at NCDC (refer-
ence Tape Deck 9787). Corps of Engineers personnel can access these wave data
for site-specific calculations by way of SEAS (Ragsdale 1983).
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. . . . .

PART VIII: WATER LEVEL DATA

31. Using data from 20 National Ocean Service (NOS) tidal reference

stations (Figure 22 and Table 6), the following water level statistics have

been calculated for the Atlantic coast: (a) monthly and yearly mean sea |

levels, (b) return periods of extreme storm surges, (c) durations of storm

surges and total water levels, and (d) probability density and cumulative

distribution values for tides, storm surges, and total water levels. These

statistics have been published in WIS Report 7 along with descriptions of I

how the information was generated and how the data may be extrapolated into A
ita-spa;rs. ,ireas (Ebersole 1982).

2. At present (1984), the water level data for the Atlantic coast are

archived at WIS. However, this data set is scheduled for transfer to NCDC

and incorporation into Tape Deck 9787. Also, WIS plans to integrate these

dct a into th SEAS (Ragsdale 1983).
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Figure 22. Geographical locations of Atlantic coast tidal
reference stations investigated in the WIS

36



00

.5c

00= '0 0 .

0C =m >~> '

m uS 5. 0 :0 C, 0- -C

5.4 L.- -, -5 55

0. Q 0 :0 w
0u 0 q, 2

Cm >->- 7;r"3ZQr- r- r- > >
(U 0. a W-:

.,oz m a, - C
5.. 55.' : -5 0 5

CZ ~ ~ ~ ~ o cc00 - .'5 C .55

C~ ~~~ IC5 I - 5 5 5 -.

0m: m- 0 L 00 E "0 . 5
I05 Dc 5. - 6-- uS> m -o c< c. l Z j11

L ~ -C -- 0 000 0 0.0 0 >, 0o5 0

L 0 0 0 0 0 0 .0 .0 0 a- C 0 ..
001 0 5-.. 0 > 05. 0-> 5. 0-5.- 0 0 0 0 00 0 0

.2 -1 X -T CD -1 .0 ! :05. 00 - .(I f55 - c C- IT

5-...~~~~ . .55 .5'5 .. .- .-0 - '- . . .

5. >0 0.... 05 5555 0. 05 0.. 0 0

m - "C5 ID -5..5 In ~ -T 5.- C, 00 . c5- 005- .0

T) .. -TD C) c 0 a'-. a'0 a'-5.C. 50 ... 55 w.50

55T '5 .0 ir 0 'T -T- z5. 0 -- -5 5-- .0 c X.



0 M a m 0

0.

2,j

00

u x . m 0a
m . '0 u m 0

A w0 0-m C

00 C16 w 0 0mw
'0 m 2L)M - 0 m

:3 m4,-Y 0 0 0 c
o :0Qm. -a a -0 0 44 Q m 0

q ( u 0' = 0. 01 C a

m. m.1. .0 m m 0m1

m -j =m -=m oa0

0 : . ' M C0 - Q U0 0. 001 0
- - m-.. M0. c00.' 2 0 h -o -m -& m- , c P 0 a0

* . C0 -1* 0 c0 00 1 '0 r- m 0.aw (U a

-~~ ~ mo r_ 0. .'o o . 0 0 0 0
01 ,M I 0_ M 0. 00 '0 0 0 -0m 0 C

Z 0 m0 -0 -0 -00 10'.
C. -a'.on mw - 010 0 0 - 2110 r. 0 0 0.

z ==1 w " c r r 4 Q U 10. 0 P .0 m ua.1 r00-'. Z 0 C 00 >, z n
Y m. 'Q 20 a,.0 0000. .10 10. '0 , ) E-w c t

0~~~~~ M- t. 000. 00 5010 . V S .1.
5 ~ O 0 0 =- a.1.0 :x uZ (.01 .m0

u ,2. l 1 0 . 1 ' m1 m' m0. .0 m 'm.0a, 0 m ,0 '0
V) an~ 0 1: 0 c . '0CD 00 zCDV mD 4.m. 00. 0.X~ SO a. 0 V )

0 0 0 ... 0. 0- 0 0 1 0 10 0 01 0 0 0 0 00 0 0VV '-000000-0

.T 0. 0 MO 00- 0 f 0, ~1'n 01 -T001 -o 00 00 m.'~-

0 00a 0 00.C0 0- 1.-. 0- 20. 10 000 0 0-.0 .0 tJ . 0. 0..'0.- V 0 0 0C.
-4'0 0 C1x0T C, '0C 1OC 0 C 0 0. 00 (Dl T 00. O D .0C C 0 100

04 70 C0 -'5 f.- 2 fC f'- f'.0 f 00~0 f a' - 'D c

'0 0 0' 0C 0.' 00 0 000 0 a 00. 00 0 0 0 l- 0 0 '0 0 0
010. X0.1 -.-... C 0.40 10.. 0 C C O0 0. 5n z

C 0 SC VV 'oo .0 0. 000. 'D'..' 000. 0 10 o-0 "1 0-10

10..S0-l ~ ~ ~ ~ ~ '01-'- 0 's V 010 c0 .- O0 -- 0. 11Z01 0- 0~
01 0.010 VV2 C -. 5 .10 SV '0-4 -4~02 2Z.0.- (000 ~



Table 4

Atlantic WIS Phase II Station Locations

N wN 01
ST',rION SoC I-1 LA1(Dl:G) LON(DIG) ,,TION SOG l-J I AI(I)IC IO.)N(I)E ) STATION SO; I-.1 LAT(DE() LU., ,.(I

1 4,30 44.24 67.71 26 11,23 40.39 71.87 51 25,8 32.42 79.68
2 4,31 44.28 67.02 27 12,20 39.68 73.72 52

°  
25,9 32.51 79.10

3 4,32 44.32 66.32 28" 13,19 39.12 74.26 53 25,10 32.60 78.51

4 5,28 43.64 69.02 29 13,20 39.20 73.62 54 26,7 31.86 80.IS

5" 5,29 43.69 68.33 30" 14,18 38.55 74.79 55" 27,6 31.29 80.62

6 5,30 43.74 67.65 31 14,19 38.63 74.16 56 27,7 31.39 80.01

7 5,31 43 79 66.96 32' 15,18 38.07 74.69 57" 28,5 30.73 81.08

8 6,2t 43.03 70.31 33' 16,17 37.51 75.21 58" 28,6 30.82 80.51

9" 6,27 43.09 69 63 34 16,18 37.59 74.59 59 29,5 30.26 80.98

10 b,28 43.15 68.95 35* 17,17 37.03 75.11 60" 30,5 29.79 80.88

11 6,31 43.29 66.90 36 18,17 36.54 75.02 61 30,6 29.89 80.31

12 6,32 43.33 66,21 37" 19,17 36.06 74.92 62' 31,6 29.42 80.21

13 " 7,2 42 54 70.23 38 " 20,17 35 58 74,83 63 32,6 28.95 80.11

14 7,27 42.60 69.$5 39" 21,16 35.02 75.34 64" 33,6 28.48 80.02

15 7,32 42.83 66.16 40 21,17 35.09 74.74 65 34,6 28.01 79.93

16" 8,27 42 11 69.48 41 22,12 34.12 77.64 66" 35,6 27.54 79.84

17' 9,27 41.61 69.40 42' 22,13 34.29 77.04 67 36,6 2707 79.75

18 10,23 40.88 71.96 43 22,14 34.38 76.45 68 36,7 27.15 79.20

19" 10,24 40.94 71.30 44" 22,15 3446 75.85 69 36,8 27.23 78.64

20 10,25 41.01 70,65 45 22,16 34,54 75.25 70. 37,6 26.60 79.67

21' 10,26 41.06 69 99 46 23,10 33.55 78 72 71
°  

38,6 26.13 79.58

22 10,27 41.12 69 33 47" 23,11 33.64 78.13 72 38,7 26.20 79.03

23" 11,20 40.17 73.82 48 23,12 33.73 77.54 73 39,6 25.66 79 so
24 11,21 40.24 73.17 49* 24,10 33.08 78.62

25 11,22 10.32 72.52 50 25,7 32.33 g0.26

Wavs- data vsrc Iuhhshed for 33 of the 73 Atlantic Phase 11 stations.



Table 3

Atlantic WIS Phase I Station Locations

No. I i Latitude Longitude

1 15, 9 41.87 65.40

2 15, 8 41.72 68.07

3 16, 7 39.53 70.42

4 17, 6 37.32 72.63

5 18, 6 35.37 72.31

6 19, 5 33.16 74.40

7 19, 4 32.86 76.76

8 20, 3 30.62 78.70

9 21, 3 28.73 78.34

10 22, 3 26.83 78.01

11 26, 8 19.89 66.40

12 26, 9 19.95 64.27

13 26, 10 19.99 62.15



Table 2 (Concluded)

50G I-J LATCDEG) N LONIDEGI h 50G I-J LAT(DEG) N LON(DEG) W SG I-J LAT(DEG) N LON(DEG) W

37, 1 26.18 82.42 38, 1 25.71 82.32 39. 1 25.25 82.23
37. 2 26.27 81.87 38, 2 25.80 81.78 39, 2 25.34 81.69
37, 3 26.35 81.52 38, 3 25.89 81.23 39, 3 25.42 81.14 %
37. 4 26.44 80.77 38, 4 25.97 80.68 39, 4 25.50 80.60
37, 5 26.52 80.22 38, 5 26.05 80.13 39, 5 25.58 80.05
37. 6 26.60 79.67 38, 6 26.13 79.58 39, 6 25.66 79.50
37, 7 26.68 79.11 38, 7 26.20 79.03 39, 7 25.73 78.95
37. 8 26 75 78.56 38, 8 26.28 78.48 39, 8 25.80 78.40
37. 9 26.83 78.01 38. 9 26.35 77.93 39. 9 25.87 77.85
37, I0 26.90 77.45 38. 18 6.42 77.38 39, 10 25.94 77.30
31. 11 26.97 76.90 38. 11 26.49 76.82 39, 11 26.01 76.75
37, 12 27 03 76,34 38, 12 26.55 76.27 39, 12 26.07 76.20
37, 13 27.10 75.78 38. 13 26.62 75.72 39, 13 26.14 75.65
37: 14 27.16 75.25 38. 14 26.68 75.16 39: 14 26.20 75.10
3 15 27.22 74.67 38. 15 26.74 74.61 39. 15 26.25 74.54
37. 16 27.28 74.11 38, 16 26.79 74.05 39, 16 26.31 73.99
37, 17 77.34 73.55 38. 17 26.85 73.49 39, 17 26.36 73.43
37, 18 27.39 72.99 38 18 26.90 72.94 39. 18 26.42 72.88
37, 19 2744 72.43 38. 19 26.95 72.38 39, 19 26.46 72.32
37, 20 27.49 71.87 3, 20 27.00 71.82 39, 20 26.51 71.77
37. 21 27.51 71.31 38, 21 27.05 71.26 39. 21 26.56 71.21
37. 22 27.58 70.75 38, 22 27.09 70.70 39. 22 26.60 70.65
37. 23 27.63 70.19 38, 23 27.13 70.14 39. 23 26.64 70.10
37, 24 27.67 69.62 38, 24 27.17 69.58 39. 24 26.68 69.54
7. 25 27.70 69.06 30. 25 27.20 69.02 39, 25 26.72 60.98
3.26 27.74 68.50 38 26 27.25 68.46 39, 26 26.75 68.42
37, 27 27.77 67.93 38, 27 27.28 67.90 39. 27 26.78 67.86
37. 28 27.80 67.37 3. 28 27.51 67.34 39, 28 26.81 67.30
37, 29 27.83 66.81 38, 29 27.34 66.78 39, 29 26.84 66.75
37, 30 27.86 66.24 38, 30 27.36 66.21 39, 30 26.87 66.19
37. 31 27.8 65.68 38, 31 27.39 65.65 39. 31 26.89 65.63
37, 32 27.91 65.11 38. 32 27.41 65.09 39. 32 24.91 65.07
37, 33 27.93 64.55 38, 33 27.43 64.53 39, 33 26.93 64.51

50G -J LAT(DEG) N LOHIDEG) 50G I-J LAT(DEG) N LO0DEG) W

40, 1 24.79 82.15 41, 1 24.33 82.06
40, 2 24.87 81.68 41, 2 24.41 81.52
40, 3 24.95 81.06 41 3 24.49 80.98
40, 4 25.03 80.51 41, 4 24.56 80.43
40, 5 25.11 79.97 41, 5 24.64 79.89
40, 6 25.18 79.42 41 6 24.71 79.35
40, 7 25.26 78.88 41 7 24.78 70.80
40, 8 25.33 78.33 41, 8 24.85 78.26
40, 9 25.40 77.78 41, 9 24.92 77.71
40. 10 25.47 77.23 41. 10 24.99 77.16
40, 11 25.53 76.68 41. 11 25.05 76.62
40, 12 25.59 76.13 41, 12 25.11 76.07
40. 13 25.65 75.58 41, 13 25.17 75.5240, l4 25.71 75.03 41 14 25.23 74.97
40, 15 25.77 74.48 41 15 25.29 74.42
40, 16 25.82 73.93 41 16 25.34 73.87
40. 17 25.88 73.38 41. 17 25.39 73.32
40. 18 25.93 72.82 41 18 25.44 72.77
40, 19 25.98 72.27 41 19 25.49 72.22
40 20 26.82 71.72 41, 20 25.53 71.67
40 21 26A7 71.16 40, 21 25.58 71.1240 22 26.11 70.61 41, 22 25.62 70.56

40: 23 26.15 70.05 41. 23 25.66 70.01
40 24 26.19 69.50 41. 24 25.69 69.46
40. 25 26.22 68.94 41, 25 25.73 68.90
40, 26 26.26 68.39 41, 26 25.76 68.35
40, 27 26.29 67.83 41, 27 25.79 67.80
40, 28 26.32 67.27 41, 28 25.82 67.24
46 2 9 26.34 66 72 41, 2 9 25.85 66.6 9
40, 38 26.37 66.16 46, 30 25.87 66.1340, 31 26.39 65.60 41, 31 25.89 65.584. 29 26.34 66.72 41. 29 25.857 66.69U
40: 32 26.41 65.04 41, 32 25.91 65.02
40, 33 26.43 64.49 41, 33 25.93 64.47

(Sheet 5 of 5)



Table 2 (Continued)

S0G 0-J LATCDEG) N LON(DEG) W SOG 1-J LAT(OEG) N LO1(D0G) W SOG I-J LAr(DEG) N LODEG Wi

28, 1 30.32 83.36 29, 1 29.86 83.24 30, 1 29.40 83.13
28, 2 30.43 82.79 29, 2 29.97 82.68 30, 2 29.50 82.57
28. 3 30.53 82.22 29, 3 30.07 82.11 30, 3 29.60 82.01
28. 4 30.63 81.66 29. 4 30.17 81.55 30, 4 29.70 81.44
28. 5 30.73 81.08 29, 5 30.26 00.98 30, 5 29.79 80.88
28, 6 30.82 80.51 29, 6 30.36 80.41 30, 6 29.89 80.31

ik 23, 7 30.92 79.94 29, 7 30.45 79.84 30, 7 29.98 79.74
28, 8 31.01 79.37 29, 8 30.54 79.27 30, 8 30.06 79. 17
28. 9 31.09 78.79 29, 9 30.62 78.70 30, 9 30.05 78.60
28, 10 31.18 78.22 29, 10 30.71 78.12 30, 10 30.23 78.03
28. 11 31.26 77.64 29, 11 30.79 77.55 30, 11 30.31 77.46
28, 12 31.34 77.06 29, 12 30.86 76.98 30, 12 30.39 76.89
28. 13 31.42 76.49 29, 13 30.94 76.40 30, 13 30.46 76.32
28, 14 31.50 75.91 29, 14 31.01 75.82 30, 14 30.53 75.74
28, 15 31.57 75.33 29, 15 31.09 75.25 30, 15 30.60 75.17
28, 16 31.64 74.74 29, 16 31.15 74.67 30, 16 30.67 74.59
28, 17 31.70 74.16 29, 17 31.22 74.09 30, 17 30.73 74.02
28, 18 31.77 73.58 29, 18 31.28 73.51 30, 18 30.80 73.44
28. 19 31.83 73.00 29. 19 31.36 72.93 30. 19 30.86 72.86
28 20 31.89 72.41 29. 20 31.40 72.35 30, 20 30.91 72.28
28, 21 31.95 71.83 29, 21 31.46 71.76 30, 21 30.97 71.70
28, 22 32.00 71.24 29, 22 31.51 71.18 30, 22 31.02 71.12
28, 23 32.05 70.65 29, 23 31.56 70.60 30, 23 31.07 70.54
28, 24 32.10 70.07 29, 24 31.61 70.01 30, 24 31.11 69.96
28. 25 32.14 69.48 29, 25 31.65 69.43 30, 25 31.16 69.38
28, 26 32.19 68.89 29, 26 31.69 68.84 30, 26 31.20 68.80
28, 27 32.23 68.30 29, 27 31.73 68.26 30, 27 31.24 68.21
28, 28 32.26 67.71 29, 28 31.77 67.67 30, 28 31.27 67.63
28, 29 32.30 67.12 29, 29 31.80 67.08 30, 29 31.31 67.65
28, 30 32.33 66.53 29, 30 31.83 66.50 30, 30 31.34 66.46
28, 31 32.36 65.94 29, 31 31.86 65.91 30, 31 31.37 65.88
20. 32 32.39 65.35 29 32 31.89 65.32 30, 32 31.39 65.29
28, 33 32.41 64.76 29, 33 30.91 64.73 30, 33 31.41 64.71

50*G -J LAT(DEG) N 6N(DEG) W SOG 0-J LAT(DEG) N LONWDEG) W lOG I-J LATIDEG) N LO(DEG) W

31. 1 28.94 83.02 32. 1 28.48 02.92 33. 1 28.02 82.01
31. 2 29.04 82.46 32, 2 20.58 2.36 33, 2 20.02 82.25
31. 3 29.14 81.90 32, 3 28.68 1.80 33. 3 28.21 81.70
31 4 29.24 81.34 32, 4 28.77 01 24 33. 4 28.30 81.14
31. 5 29.33 80.78 32, 5 28.86 80.68 33, 5 28.39 80.58
31. 6 29.42 0.21 32 6 28.95 80 Il 33 6 28.48 00.02
31 7 29.51 79.65 32. 7 29.03 79.55 33, 7 28.56 79.46
31. 8 29.59 79.08 32. 8 29 12 7899 33, 8 28.65 78.90
31 9 29.67 78.51 32, 9 29.20 78 42 33, 9 28.73 78.3431 10 29.75 77.94 12, 10 29 20 77.06 33. 10 28.00 77.77
31, 11 29.83 77.38 32. 11 29.36 77.29 33. 11 28.88 77.21
31, 12 29.91 76.81 32, 12 29.43 76.72 33, 12 28.95 76.64
31, 13 29.98 76.23 32, 13 29.50 76.16 33, 03 29.02 76.00
31, 14 30.05 75.66 32. 14 29 57 75 59 33, 14 29.09 75.51
31. 15 30.12 75.09 32, 15 29.64 75.02 33, 15 29.15 74.94
fl , 16 30.19 74.52 32, 16 29.70 '4.45 33. 16 29.22 74.38
31. 17 30.25 73.94 32, 17 29.76 73.87 33, 17 29.28 73.81
31. 10 30.30 73.37 32, 10 29.82 73.30 33, 00 29.34 73.24
31, 19 30.37 72.79 32, 09 29.08 72.73 -3, 19 29.39 72.67
31, 20 30.42 72.22 32, 20 29.94 ?2.16 33. 20 29.45 72.10
31, 21 30.49 71.64 32. 21 29.99 71.58 33, 21 29.50 71.53
31, 22 30.53 71.06 32, 22 30.04 71.01 33, 22 29.55 70.95
31, 23 30.58 70.49 32, 23 30.08 70.43 33. 23 29.59 70.38
31, 24 30.62 69.91 32, 24 30.13 69.86 33, 24 29.64 69.81
31. 25 30.66 69.33 32. 25 30.17 69.28 33, 25 29.69 69.24
31. 26 30.71 68.75 32, 26 30.21 68.71 33, 26 29.72 68.66
31, 27 30.74 68.17 32, 27 30 25 68.13 33, 27 29.75 68.09
31, 28 30.78 67.59 32, 28 30.28 67.55 33, 28 29 79 67.51
31, 29 30.01 67.00 32, 29 30.32 66.97 33, 29 29.02 66.94
31, 33 304 66.43 32 30 30.34 66.40 33, 30 29.85 66.36
31, 31 3087 65.85 32, 31 30.37 65.02 33, 31 29.87 65.79
30, 32 3309 65.26 32. 32 30.40 65.24 33, 32 29.90 65.21
31. 33 30.92 64.68 32, 33 30.42 64.66 33, 33 29.92 64.64

50*G I-J LAT(DEG) N LONIDEG) h 5W G I-J LAT(DEG) N LONIDEG) W 50G I-J LAT(EG) N LONIDEG) W

34, 1 27.56 82.71 35, 1 27.10 82.61 36, 1 26.64 82.51
34. 2 27.66 02.15 35, 2 27.19 82.06 36, 2 26.73 01.96
34, 3 27.75 81.60 35, 3 27.28 01.50 36, 3 26.82 81.
34. 4 27.4 81.04 35. 4 27.37 0.95 36, 4 26.90 83086
3 4 5 27.92 00.49 35 5 27.46 80.40 36, 5 26.99 00.31
34, 6 28.01 79193 35, 6 27.54 79.8 36, 6 27.07 79.75
34, 7 28.09 79.37 35. 7 27.62 79.20 36, 7 27.15 79.20
34.a 28.17 70.81 35. 8 27.70 70.73 36, 8 27.23 78.64
34. 9 28.25 78.25 35. 9 27.78 78.17 36, 9 27.30 70.09
34. 00 28.33 77.69 35, 10 27.05 77.61 36, 10 27.37 77.13
3 4, 11 28.40 77.13 35. 11 27.92 77.05 36, 11 27.45 76.97
34. 12 28.47 76.57 35, 12 27.99 76.69 36, 12 27.51 76.41
34. 13 28.54 76.00 35, 13 28.06 75.93 36. 13 27.58 75.86
34, 14 28 61 75.44 35. 04 20.13 75.37 36, 14 27 64 75.30
34. 15 28.67 74.87 35. 15 28.19 74 0 36, 15 27.71 24.74
34, 16 20.70 74.31 35, 16 20.25 7424 36, 16 27 76 74.17
34. 17 20.71 73.74 :5, 17 28.31 73.68 36. 07 27.02 73.61
34. 0 28.85 73.17 35. 18 28.36 73.01 36, 18 27.08 73.05
34. 19 20.91 72 61 35. 19 28.42 72.55 36, 19 27.93 72.49
34. 20 28.96 72.04 35, 20 20.47 70.90 36. 23 27.90 71.93
34. 21 29.01 71.47 35, 21 28.52 70.42 30, 21 20.03 70.34
34, 22 29.06 70.90 1 35. 22 28.57 70.85 36, 22 28.07 70.80
34 23 29.10 70.33 35, 23 28.61 70.28 36, 23 28.12 73 23
34 24 29.14 69.76 35. 24 20.65 69.71 36, 24 28.16 69.67
34 25 29.18 69.19 35, 25 28.69 69.15 36, 25 28.20 69.10 "_ -
34 26 29.22 60.62 35, 26 28.73 68.58 36. 26 28.23 68.54
34 27 29.26 68.05 35, 27 28.76 60.01 36. 27 28.27 67.97
34, 28 29.29 67.48 35, 28 29.80 67.44 36. 28 28.30 67.40
34. 29 29.32 66.90 35. 29 20.83 66.87 36, 29 20.33 66.84
34 30 29.35 66.33 35. 30 28.85 66.30 36. 30 20.36 66.27
34, 31 29.38 65,76 35, 31 28.88 65.73 36, 31 28.33 65.70
34, 32 29.40 65,19 35. 32 28.90 65.16 36, 32 20.40 65.14
34. 33 29.42 64.61 35. 33 28.92 64.59 36, 33 28.42 64.57
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Table 2 (Cont inued)

50G I-J LAT[DEG) N LO(DEGI W S0G I-J LAT(DEG N LON(DEG) W 50G I-J LAT(DEG) N LON(DEG W

19, 1 34.43 84.52 20, 1 33.98 84.38 21. 1 33.52 84.24
19, 2 34.56 83.93 20. 2 34.10 03.19 21: 2 33.64 83.6
19. 3 34.68 03.34 20, 3 34.22 83.20 21. 3 33.76 83.07

19,. 4 34.80 82.75 20, 4 34.34 82.61 21 4 33.87 82.48
S 9. 5 34.91 82.15 20. 5 34.45 82.02 21 5 33.98 81.90
19, 6 35.02 81.56 20, 6 34.56 81.43 21, 6 34.09 81.31
19, 7 35.13 80.96 20. 7 34.67 80.04 21. 7 34.20 80 72 -,
1 9 8 35.24 80.37 20. 8 34.77 80.24 21 8 34.30 80.13
19. 9 35.34 79.77 20, 9 34.87 79.65 21 9 34.40 79.53
19. 10 35.44 79.17 20, 10 34.97 79.05 21. 10 34.50 78.94
19. 11 35.54 78.56 20, 11 35.07 78.45 21. 11 34.59 78.34
19, 12 35.63 77.96 20, 12 35.16 77.85 21. 12 34.68 77.74
19, 13 35.73 77.36 20, 13 35.25 77 25 21. 13 34.77 77.15
19. 14 35.81 76.75 20. 14 35.33 76.65 21. 14 34.86 76.55
19. 15 35.90 76.14 20. 15 35.42 76.04 21. 15 34.94 75 94
19. 16 35.98 75.53 20. 16 35.50 75.44 21, 16 35.02 75.34
19, 17 36.06 74.9? 20, 17 35.58 74.83 21, 17 35.09 74.74
19, 18 36.14 74.31 20, 18 35.65 74.22 21, 18 35.17 74.13 .
19. 19 36.21 73.70 20. 19 35.72 73.61 21. 19 35.24 73.53
19. 23 36.28 73.08 20. 20 35.79 73.00 21. 20 35.30 72.92
19, 21 36.34 72.47 20. 21 35.86 72.39 21, 21 35.37 72.31
19, 22 36.41 71.85 20, 22 35.92 71.78 21, 22 35.43 71.7 1
19, 23 36.47 71.2 4 20. 23 35.98 71.16 21, 23 35.49 71.10
19, 24 36.53 70.62 20, 24 36.0 70.55 21, 24 35.54 70.49
19, 25 36.58 70.00 20, 25 36.09 69.94 21, 25 35.59 69.87 -
19. 26 36.63 69.38 20, 26 36.14 69.32 21, 26 35.64 69.26
19, 27 36.68 68.76 20, 27 36.18 68.70 21, 27 35.69 68.65
19, 28 36.72 68.14 20. 28 36,23 68.09 21, 28 35.73 60.04
19, 29 36 76 67.52 20. 29 36.27 67.47 2. 29 35.77 67.42
19. 30 36.80 66.09 2(, 30 36.30 66.85 21. 30 35.81 66.01
19. 31 36. 83 66.27 20. 31 36.34 66.23 21. 31 35.84 66.19
19. 32 36.67 65.65 23. 32 36.37 65.61 21. 32 35.87 65.58
19. 33 36.89 65.02 20. 33 36.40 64.99 21. 33 35.90 64.96

5-i I 0J 0LAT(DG) N LON(EG) U $00 I-J - 0I-- 00) JN L.N(31 DG 500 I-J LATDEG) H LO(DEG) W

22. 1 33.07 84.10 23, 1 32.61 83.97 24. 1 32.15 83.84
22. 2 33.19 83 52 23. 2 32.73 83.39 24, 2 32.27 83.27
22. 3 33.30 82.94 23, 3 32.84 82.81 24, 3 32.38 82.69
22 . 4 33.41 82.36 23, 4 32.95 82,23 24. 4 32.49 82.11
22, 5 33.52 81.77 23. 5 33.06 81.65 24. 5 32.59 81.53
22. 6 33.63 81.19 23, 6 33.16 81.07 24. 6 32.69 80. 95
22. 7 33.73 83.60 23, 7 33.26 80.48 24. 7 32.79 80.37 . .
22. 8 33.83 80.01 23, 8 33.36 79.90 24, 8 32.89 79.79
22. 9 33.93 79.42 23, 9 33.46 79.31 24. 9 32.99 79.20
22. 10 34.02 78.83 23, 10 33.55 78.72 24. 10 33.08 78.62
22. 1 34.12 78.23 23. 11 33.64 78.13 24, 11 33.17 78.03
22, 12 34.21 77.64 23. 12 33.73 77.54 24, 12 33.25 77.44
22, 13 34.29 77.04 23. 13 33.01 76.95 24, 13 33.34 76.85
22, 14 34.38 76.45 23, 14 33.90 76.35 24. 14 33.42 76.26
22, 15 34.46 75 85 23, 15 33.98 75.76 24, 15 33.49 75.67
22. 16 34.53 75.25 23, 16 34.05 75.16 24. 16 33.57 75.07
22, 17 34.61 74.65 21, 17 34.13 74.56 24, 17 33.64 74.48
22. 18 34.68 74.05 23, 18 34.20 73.97 24. 18 33.71 73.89
22, 19 34.75 73.45 23, 19 34.26 73.37 24. 19 33.78 73.2922 , 2.429 226
22, 20 34.82 72.04 23. 20 34.3 72.77 24, 20 33.84 72.69
22. 21 34.88 72.24 23, 21 34.39 72.17 24, 21 33.90 72.09
22, 22 34.94 71.63 23, 22 34.45 71.56 24, 22 33.96 71.50
22. 23 35.00 71.03 23, 23 34.51 70.96 24, 23 34.02 70.90
22, 24 35.05 70.42 23. 24 34.56 70.36 24, 24 34.07 70.30
22. 25 35.10 69.81 23, 25 34.61 69.75 24. 25 34.12 69.70
22, 26 35.15 69.20 23, 26 34.66 69.15 24, 26 34.16 69.09
22, 27 35.19 68.60 23. 27 34.70 68.54 24. 27 34.21 68.49
22, 28 35.24 67.99 23. 28 34.74 67.94 24. 28 34.25 67.89
22, 29 35 28 67.30 23. 29 34.78 67.33 24. 29 34.28 67.29
22, 30 35.31 66.76 23, 30 34.81 66.72 24, 30 34.32 66.68
22, 31 35.34 66.15 23. 31 34.85 66.12 24. 31 34.35 66.08
22, 32 35.37 65.54 23. 32 34.88 65.51 24, 32 34.38 65.47
22, 33 35.40 64.93 23, 33 34.90 64.90 24, 33 34.40 64.87

SOG I-J LAT(DEG) N LO(DEG) W SOG I-J LAT(DEG) N LO0(DEG W 50G I-i LAT(DEG) N LON(DEG) W"

25. 1 31.70 03.72 26. 1 31.24 83.60 27. 1 30.78 03.4
25. 2 31.83 83.14 26. 2 31.35 03.02 27. 2 30.89 02.91
25, 3 31.92 82.57 26, 3 31.45 82.45 27. 3 30.99 82.34
25, 4 32.02 81.99 26, 4 31.56 81.88 27, 4 31.09 81,77
25, 5 32.13 81.42 26, 5 31.66 81.30 27. 5 31.19 81.19
25, 6 32.23 80.84 26. 6 31.76 80.73 27. 6 31.29 00.62
25, 7 32.33 80.26 26, 7 31.86 80.15 27, 7 31.39 80.04
25, 8 32.42 79.68 26. 8 31.95 79.57 27, 8 31.48 79.47
25. 9 32.51 79.10 26. 9 32.04 78.99 27. 9 31.57 78.89
25. 10 32.60 78.51 26. 10 32.13 78.41 27. 10 31.65 78.31
25, 11 32.69 77.93 26. 11 32.22 77.83 27, 11 31.74 77.73
25, 12 32.78 77.34 26. 12 32.30 77.25 27, 12 31.82 77.15
25. 13 32.86 76.76 26. 13 32.38 76.66 27, 13 31.90 76.57
25. 14 32.94 76.17 26, 14 32.46 76.08 27, 14 31.98 75.99

1 25, 15 33.01 75.58 26, 15 32.53 75.49 27, 15 32.05 75.41
25. 16 33.09 74.99 26, 16 32.60 74.91 27. 16 32.12 74.82
25. 17 33.16 74.40 26. 17 32.67 74.32 27. 17 32.19 74.24
25. 18 33.23 73.81 26, 18 32.74 73.73 27. 18 32.25 73.65
25. 19 33.29 73.21 26, 19 32.80 73.14 27, 19 32.32 73.07
25, 20 33.35 72.62 26, 20 32.87 72.55 27, 20 32.38 72.48
25. 21 33.41 72.03 26, 21 32.92 71.96 27, 21 32.44 71.89
25. 22 33.47 71.43 26. 22 32.98 71.37 27, 22 32.49 71.30
25. 23 33.52 70.83 26. 23 33.03 70.77 27, 23 32.54 70.71
25. 24 33.58 70.24 26, 24 33.08 70.18 27. 24 32.59 70.12
25, 25 33.62 69.64 26. 25 33.13 69.59 27. 25 32.64 69.53
25, 26 33.67 69.04 26, 26 33.18 68.99 27, 26 32.68 68.94
25. 27 33.71 60.44 26, 27 33.22 68.39 27, 27 32.72 68.35
25, 28 33.75 67.84 26, 28 33.26 67.80 27, 28 32.76 67.76
25. 29 33.79 67.24 26. 29 33.29 67.20 27. 29 32.80 67.16
25. 30 33.82 66.64 26. 30 33.32 66.61 27. 30 32.03 66.57
25, 31 33.85 66.04 26. 31 33.36 66.01 27. 31 32.86 65.97
25, 32 33.88 65.44 26. 32 33.38 65.41 27. 32 32,80 65.38
25, 33 33.91 64.84 26, 33 33.41 64.81 27, 33 32.91 64.79
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Table 2 (Continued)

5OG I-J LAT(DEG) N LON(DEG) W 50G -J LAT(DEG) N LON(DEG) W 50G -J LAT(DEG) N LON(DEG) 1.1

10 1 38 51 85.93 11, 1 38.06 85.76 12. 1 37.61 85.59
0. 38.65 85.32 11. 2 38,20 85.15 12. 2 37.74 84.99
1 3 38.79 84.71 1.: 3 38.33 894.54 12, 3 37.88 84.3840 38a.95 84.09 i

911. 38.47 83.93 12, 4 38.01 83.77
10. 39.06 83.47 11. 38.60 83.31 12. 5 38.14 83.1510, 39.19 82.85 11. 6 38.73 82.69 12. 6 38.27 82.54
10. 39.32 82.22 11, 7 38.85 82.07 12 7 38.39 81.92 
10, 8 39.44 81.60 111 8 38.98 81.45 12. 8 38.51 81.30
10, 9 39.56 80.97 11. 9 39.09 80.82 12. 9 38.63 80.68
10. I 39.68 80.34 11. 10 39.21 80.19 12, 10 38.74 80.05
10. l1 39.79 79.70 11. 11 39.32 79.56 12, 11 38.85 79.43
10. 12 39.90 79.07 11. 12 39.43 78.93 12. 12 38.95 78.50
10. 13 4001 78.43 11. 13 39.53 78.30 12. 13 39.06 78.7
10. 14 40.11 77.79 11, 14 39.63 77.66 12. 14 39.16 77.54 . " .
10. 15 40.21 77.15 I, 15 59.73 77.03 12. 15 39.25 76.91
10, 16 40.31 76.51 i1l 16 39.83 76.39 12, 16 39.35 76.27
10. 17 40.40 75.86 11. 17 39.92 75.75 12. 17 39.44 75.64
10 18 40.49 75.22 11. 18 40.00 75.11 12. 18 39.52 75.00
10, 19 40.57 74.57 11. 19 40.09 74.46 12. 19 39.60 74.36
10. 20 40.65 73.92 11. 20 40.17 73.82 12. 20 39.68 73.72
10. 21 40.73 73.27 11. 21 40.24 73.17 12, 21 39.76 73.07
10, 22 40.83 72.61 31, 22 40.32 72.52 12, 22 39.83 72.43
10. 23 40.08 71.96 11. 23 48.39 71.87 12. 23 39.90 71.79
00. 24 40.94 71.30 11, 24 40.45 71.22 12, 24 39.96 71.14
10. 25 41.01 70.65 11, 25 40.51 70.57 12. 25 40.02 70.49
1., 26 41.06 69.99 11, 26 40.57 69.92 12. 26 48.08 69.84
10, 27 41.12 69.33 ll, 27 40.63 69.26 12. 27 40.13 69.19
1 0. 28a 41.17 68.67 ill 28 40.68 68.61 12. 20 40.10 68.54
I0. 29 41.22 68.01 11. 29 40.73 67.95 12. 29 40.23 67.89
10, 30 41.26 67.35 11 30 40.77 67.29 12. 30 40.27 67.24
10. 31 41.30 66.68 1!, 31 40.81 66.63 12. 31 40.31 66.58
IO, ' 41.34 64.02 1, 32 40.84 65.97 12. 32 40.35 65.93 '
10. 33 41.37 65.36 11, 33 40.88 65.31 12, 33 40.38 65.28

SOG 0-J LAT(DEG) N LONIDEG) W 50G I-J LATDEG) N LO(DEGI W SO X-J LAT(DEG) N LODEG) W

13. 1 37.15 85.43 14. 1 36.70 85.27 15, 1 36.25 05.11
13, 2 37.29 04.83 14. 2 36.84 84.67 15. 2 36.38 84.51
13, 3 37.42 84.22 14. 3 36.97 84.06 15. 3 36.51 83.91
13. 4 37.55 83.61 14. 4 37.10 83.46 15. 4 36.64 83.31
13. 5 37.60 03.00 14. 5 37.22 82.85 15. 5 36.76 82.71
13. 6 37.8 82.39 14. 6 37.34 82.24 15. 6 36.80 02.10
13, 7 37.93 81.77 14. 7 37.46 81.63 15. 7 37.00 01.49 
13. 38.04 81.16 14. 8 37.58 81 02 15, 8 37.13 80.88 
15, 9 38.16 80.54 14, 9 37.69 80.40 15. 9 37.22 80.27
1. I0 38.27 79.92 14. 10 37.80 79.79 15, 10 37.33 79.6613. 11 38.38 79.30 14. 11 37.90 79.17 15. 11 37.43 79.04
11. 12 38.41 78.67 14. 12 38.01 78.55 15, 12 37.53 78.42
15 10 30.58 70.05 14. 13 38.11 77.92 15. 13 37.63 77.81
15. 14 38.68 77.42 14. 14 38.20 77.30 15, 14 37.73 77.18
11. 15 30.77 76.79 14. 15 38.30 76.68 15. 15 37.82 76.56
I. 16 38.07 76.16 14. 16 38.39 76.05 15. 16 37.91 75.94
II, 17 10.95 75.53 14. 17 38.47 75.42 15. 17 37.99 75.32
11 a 18 39.04 74.89 14, 18 30.55 74.79 15, 18 38.07 74.69
17, 19 39.12 74.26 14, 19 38.63 74.16 15, 19 38.15 74.06
13. 20 39.20 73.62 14. 20 38.71 73.53 15, 20 38.22 73.43
13. 21 39.27 72.98 04. 20 38.78 7Z.89 15. 21 38.30 72.80
13. 22 39.34 72.34 14. 22 38.85 72.26 15. 22 31.36 72.17
1. 23 39.41 71.70 14. 23 38.92 71.62 15: 23 38.43 71.54
11. 24 39.47 71.06 14. 24 38.98 70.98 15. 24 30.49 70.90
10. 25 39.53 70.42 14. 25 39.04 70.34 15. 25 38.55 70.27

13 4 39.59 61.77 14. 26 39.09 69.780 5 6 06 69.63
13. 27 39.64 69.13 14. 27 39.15 69.06 35. 27 38.65 69.00
10. 28 39.69 68.48 14. 20 39.19 60.42 15. 28 38.70 68.36
1,: 29 39.73 67.83 14. 29 39.24 67.78 15: 29 38.74 67.72
13,30 39.78 67.18 14 30 39.28 67.13 15. 30 38.78 67.08
13, 01 39.02 66.54 14. 31 39.32 66.49 15: 31 38.82 66.44
10:, 39.85 65.89 14 32 39.35 65.84 15 32 38.86 65.30
i , 30 39.88 65.24 14, 33 39.38 65.20 15, 33 38.89 65.16

5OG 1-J LAT(DEG) N LON(DEG) W S0 X-J LAT(DEG) N LON(DEG) W S0G 0-J LAT(DEG) N LON(DEG) 6

16. 1 35.80 84.96 17 1 35.34 84.81 18. 1 34.89 84.66
16 2 35.93 04.36 17. 2 35.47 84.21 18. 2 35.01 84.07
16. 3 36.05 83.76 17, 3 35.60 83.62 18, 3 35.14 83.48
26 4 36.18 83.16 17. 4 35.72 83.02 18, 4 35.26 82.88
16 5 36.30 82.56 17. 5 35.84 82.42 18. 5 35.37 82.29
16 6 36.42 81.96 17, 6 35.95 81.82 18, 6 35.49 81.69
16, 7 36.53 81.35 17, 7 36.07 81.22 18, 7 35.60 81.09
16 8 36.64 80.75 17. 8 36.18 80.62 18. 8 35.71 80.49
06. 9 36.75 80.14 17. 9 36.28 80.01 18. 9 35.81 79.89
16. 10 36.86 79.53 17. 18 36.39 79.41 18. I0 35.91 79.28
5. 11 36.96 78.92 17, 11 36.49 78.80 18, 11 36.01 78.68
.6 12 37.06 78.30 17. 12 36.58 78.19 18, 12 36.11 78.07
16 I3 37.16 77.69 17. 13 36.68 77.57 18, 13 36.20 77.46
16. 14 37.25 77.07 17. 14 36.77 76.96 18. 14 36.29 76.85
16 15 37.34 76.45 17. 15 36.86 76.35 18. 15 36.38 76.24
16. 16 37.42 75.83 17. 16 36.94 75.73 18. 16 36.46 75.63
16 17 37.51 75.21 17. 17 37.03 75.11 18. 17 36.54 75.02
16. 18 37.59 74.59 17. 18 37.10 74.50 18. 18 36.62 74.40
16. 09 37.66 73.97 07. 19 37.18 73.88 18. 39 36.69 73.79
16. 20 37.74 73.34 17, 20 37.25 73.25 18, 20 36.76 73.17
16 21 37.81 72.72 17, 21 37.32 72.63 18, 21 36.83 72.5516, 22 37.87 72.09 17. 22 37.39 72.01 18, 22 36.90 71.93 -' --

16 23 37.94 71.46 17, 23 37.45 71.38 18, 23 36.96 71.31
16 24 38.00 70.83 17, 24 37.51 70.76 18, 24 37.02 70.69
16. 75 38.06 70.20 17. 25 37.56 70.13 18. 25 37.07 70.06

16. 26 38.11 69.57 37, 26 37.62 69.50 18, 26 37.12 69.44
16. 27 38.16 68.94 17. 27 37.67 68.88 18. 27 37.17 68.82
16. 28 38.21 68.30 17. 28 37.71 68.25 18. 28 37.22 68.1916. 29 38.25 67.67 17. 29 37.75 67.62 18. 29 37.26 67.57
16. 38 38.29 67.83 17. 30 37.79 66.99 18. 30 37.38 66.94
16. 30 38.32 66.48 17. 31 37.83 66.36 18. 31 37.33 66.1
16, 32 38.36 65.76 17, 32 37.86 65.72 18, 32 37.36 65.69
16. 33 38.39 65.13 17. 33 37.89 65.09 18., 33 37.39 65.06
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'A Table 2

A) 1an2 is, P-has II SOCL l0.itde - ..nILude__iCrl nates

SOG 1-J LAT(DEG) N LONDEG) W SOG I-J LAT(DEG) N LONIDEG) W 50G 1-J LAT(DEG) N LON(DEG) W

1. 1 42.52 87.67 2. 1 62.08 87.46 3. 1 41.64 87.25
1 2 42.69 87.03 2, 2 42.24 86.8. 3. 2 41.80 86.62
1. 3 42.85 86.38 2. 3 42.60 86.18 3, 3 61.95 85.98
1 4 6 43.01 85.74 2. 6 6256 85.54 3, 4 42.10 85.34
1, 5 43.16 85.08 2. 5 42.71 84.89 3. 5 42.25 84.70
1 6 63.31 84.63 2, 6 42.86 84 2 3. 6 42.40 84.05
1. 7 43.16 8.77 2. 7 43. 80.5 3. 7 42.54 80.10
1. 630 9.11 2. 1 43.14 8.93 3, 1 2.43 8.751, 9 45.74 82. 5 2, 43 328 2.7 3, 9 42.2 8 2 0
1, 10 43 .88 a81. 8 2, 10 93 .41 81.60 3, 10 42 .95 a81.4 1
1, 11 4 0 1 81.11 2, 11 43 54 a80.94 3, 11 43 0 7 g..77
1, 12 44. 14 80 44 2° 12 43 .67 .0 .27 3, 12 43 .2 80 11
1I is 44,.26 79.76 2 , 45 3. 79 79. 60 3, 13 43.32 79 .44
1, 14 44 .38 79.08 2, 14 43.91 78A93 3, 14 43.43 78.77

1,: 15 4 4 49 -78.60 2. 15 44:02 78.25 3, 1 3 5 8 1
1 6 4.61 77.72 2. 16 64.13 77.57 3, 16 43.65 77.43
11 17 44.71 77.83 2. 17 4.23 76.89 3. 17 43.76 76.75
1, 18 4.82 76.34 2. 18 44.36 76.21 3. 18 43.86 76.07
1, 19 66.92 75.65 2, 19 44.43 75.52 3, 19 43.95 75.39
1: 20 45.01 76.96 2. 20 44.53 74.83 3. 20 44.0 4 74.71
1. 21 45.10 76.26 2. 21 44.62 74.14 3, 21 44.1 3 74 2
1. 22 45.09 73.57 2, 22 4.70 73.45 3. 22 64.22 73 4
1. 23 45.27 72.87 2. 23 44.78 72.75 3. 23 44.29 72.65
1. 24 45.35 72.16 2, 2 4 44.86 72.06 3, 26 46.37 71.96
1. 25 45.42 71.66 2. 25 44.93 71.36 3. 25 44.64 71.76
1. 26 45.69 70.75 2. 26 45.00 78.66 3. 26 66.51 75.57
1. 27 45.56 78.05 2. 27 65.06 69.96 3. 27 41.57 69.87
I . 28 65.62 69.34 2. 28 45.12 69.25 3. 28 6.63 69.18
1. 29 45.67 68.63 2. 29 45.18 68.45 3. 29 44.68 68. 48
1, 30 65.72 67.91 2. 30 45.23 67.84 3. 35 64.73 67.76
1. 31 45.77 67.28 2. 31 65.29 67.16 3. 31 4.78 67 03
1. 32 45.80 66.49 2. 32 45.32 66.63 3, 32 44.82 66.37
1. 33 65.85 65 77 2. 33 45.35 65.72 3, 33 44.86 65.67

SOG 0-J LATIDEG) N LON(DEG W SOG 0-J LAT(DEG) N LON(DEG) 1 SOG 0-J L6T(DEG) N LONM(D) W1
___4_ -1__ -41 --4--

6. 1 61.9 87.05 5. 1 49.74 86 85 6. 1 40.30 86 66
46 2 41.35 86.42 5, 2 4.98 86.23 6. 2 40.4 86 34
4, 3 41.50 85.79 5. 3 41.85 85.68 6. 40.60 85 1
6. 4 41.65 85.15 5. 4 41.20 86.96 6. 60.75 1. .
4. 5 41.80 84.51 5, 5 41.34 84.33 6, 5 40.89 84 11
. 6 41.96 83.87 5. 6 41.49 83.69 6. 6 61.75 85 I

4. 7 42.08 83.22 5. 7 41.62 83.04 6. 7 4116 82 8
46 8 42.22 82.57 5, 8 41.76 82.60 6, 8 41.30 8"'
46 9 42.35 81.92 5. 9 61.89 81.75 6, 9 41.42 81 59
6. 10 62.48 81.26 5. 10 42.02 83.10 6, 10 4155 82 9
4. 11 42.61 80.61 5, 4 42.14 80.45 6. 11 41 67 F.- 79
4. 12 42.73 79.95 5. 12 42.26 79.79 6. 12 4179 ' 4

6. 13 42.85 79.29 5, 13 42.37 79.14 6, 13 41.90 "139
4. 14 42.96 78.62 5, 14 42.69 78.67 6, 14 42.01 79 70
6, 05 43.07 77.95 5, 15 42.59 77.81 6 15 42.12 77 (.
46 16 43.18 77.29 5. 16 42.70 77.15 6 16 42.22 7 01
4. 17 43.28 76.61 5. 17 42.80 76.48 6 17 42 32 76 55
4. 18 43.38 75.94 5. 18 42.89 75.81 6. 18 42.41 75 69
4. 19 43.47 75.26 5, 19 42.99 75.16 6 19 6253 75 2
4, 20 43.56 74.59 5. 20 43.08 74.47 6. 20 42 59 74 45
4. 21 43.65 73.91 5, 21 43.16 73.79 6. 21 4268 ,3 68
4 22 43.73 73.22 5. 22 43.24 73.12 6 22 42.75 ,3 0l
4. 23 43.81 72.54 5. 23 43.32 72.44 6 23 62.85 723 4
4, 26 63.88 71.86 5, 24 43.39 71.76 6. 24 42 90 7166
6, 25 43.95 71.17 5. 25 43.66 71.08 6 25 42.97 70 99
4. 26 44.02 70.48 5, 26 43.52 70.39 6 26 43.03 70.31
6. 27 44.08 69.79 5. 27 43.59 69.71 6 27 63 09 69 63
6, 28 44.14 69.10 5. 28 43.66 69.02 6 28 63.05 68.95
6, 29 44.19 68.40 5. 29 43.69 68.33 6. 29 43.20 68 27
4. 38 44.24 67.71 5, 30 43.74 67.65 6. 30 43.25 67.58
6, 31 44.28 67.02 5. 31 43.79 66.96 6, 31 63.29 66.93
6. 32 44.32 66.32 5, 32 43.83 66.27 6, 32 43 33 66 21

4, 33 44.36 65.62 5. 33 43.86 65.57 6. 33 43.56 65 53

SOG -J LAT(DEG) N LON(DEG) W SOG . -J LAT(EG) N LO( DEG) W 500 r-J LA DEG1 N LON(DEI) W

7. 1 39.85 86.47 8. 1 39.40 86.29 9. 0 38.95 86.11
7. 2 40.80 85.85 8. 2 39.55 85.67 9. 2 39.10 85.49
7, 3 40.15 85.23 8, 3 39.70 85.05 9. 3 39.26 84 88
7, 4 40.29 86.60 8. 4 39.86 86.43 9. 4 39.38 86 26 I
7, 5 40.43 83.97 8. 5 39.98 83.80 9. 5 39.52 80.63
7, 6 40.57 83.34 8. 6 60.11 83.17 9. 6 39.65 83.01
7. 7 40.70 82.70 8. 7 40.24 82.54 9. 7 39.78 82.38
7. 8 40.83 82.07 8. 8 40.37 81.91 9. 8 39.90 81.75
7. 9 40.96 81.43 8. 9 60.49 81.27 9, 9 40.03 81.12
7, 10 41.08 88.78 8. 10 4.61 88.63 9 4 10 60.15 80.48
7. 11 41.20 806 8. 11 4.73 79.99 9. 11 40.26 79.85
7. 12 41.32 79.69 8. 12 64.86 79.35 9. 12 40.37 7921
7. 13 60.63 78.84 8. 13 40.95 78.70 9. 13 40.48 78.56
7. 14 41.54 78.19 8, 14 41.06 78.06 9. 14 40.59 77.92
7. 15 41.64 77.54 8, 5 41.16 77.41 9. 15 40.69 77.28
7. 16 41.74 76.88 8. 16 41.26 76.75 9: 16 40.78 76.65
7. 17 41.84 76.22 8. 17 41.36 76.10 9,. 7 40.88 75.98
7. 18 61.93 75.57 8. 18 41.45 75.45 9. 18 4.97 75.33
7. 19 42.82 74.90 8. 09 41.54 74.79 9. 09 41.86 76.68
7. 20 61 76 . 41.62 74.13 9. 20 41.14 76.02
7. 21 42.19 73.57 8. 21 41.78 73.47 9, 21 61.22 73.37
7. 22 62.27 72.90 8. 22 61.78 72.81 9. 22 41.29 72.71
7. 23 62.34 72.24 8. 23 41.85 72.14 9, 23 61.36 72.05
7. 26 42.41 71.57 8. 24 41.92 71.48 9. 24 41.43 70.39
7. 25 42.68 70,90 8. 25 61.99 70.81 9. 25 61.50 70.73
7. 26 42.54 70.23 8. 26 42.05 70.16 9. 26 61.56 7007
7. 27 42.60 69.55 8, 27 42.11 69.48 9. 27 41.61 69.60
7. 28 42.65 68.88 8. 28 42.16 68.81 9. 28 41.67 68.74
7. 29 42.78 68.20 8. 29 42.21 68.13 9. 29 61.72 6087
7. 50 62.75 67.52 8. 30 42.26 67.46 9. 38 61.76 67.40
7. 31 62.79 66.84 8. 31 42.30 66.79 9. 31 41.80 66.76
7. 32 42.85 66.16 8. 32 42.34 66.11 9, 32 61.84 66.07
7. 33 62.87 65.48 8, 33 42.37 65.44 9. 33 41.87 65.60
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Table I (Concluded)

500 0-J LAT(DEG) N LOWIDEG) W SO 0-J LAT(DEG) N LON(DEG) W SOO 0-J LATIDEG) N LONIDEG) W SO I-J LAT(DEG) N LONIDEG) W-

25, 1 20.61 81.45 26, 1 18.75 81.19 27, 1 16.88 80.96 28, 1 15.01 &0.75
25, 2 20.87 79.33 26. 2 18.98 79.09 27, 2 17.09 78.88 28, 2 15.20 78.69
25. 3 21.11 77.20 26, 3 19.20 76.98 27, 3 17.28 76.79 28, 3 15.37 76.62
25. 4 21.31 75.07 26, 4 19.38 74.88 27, 4 17.45 74.71 28, 4 15.51 74.56
25. 5 21.50 72.93 26, 5 19.55 72.76 27, 5 17.60 72.61 28, 5 15.64 72.48
25. 6 21.65 70.78 26, 6 19.69 70.64 27. 6 17.72 70.52 28, 6 15.75 70.41
25. 7 21.78 88.64 26, 7 19.80 68.52 27. 7 17.82 68.42 28, 7 15.84 68.33
25. 8 21.87 66.48 26, 8 19.89 66.40 27. 8 17.98 66.32 28, 8 15.91 68.26
25, 9 21.95 64.33 26, 9 19.95 64.27 27, 9 17.96 64.22 28, 9 15.96 64.18 -
25. 10 21.99 62.17 26, 10 1999 62.15 27, 10 17.99 62.12 28. 10 15.99 62.10
25, 11 22.00 60.02 26, 11 20.00 60.02 27, 11 18.00 60.02 28, 11 16.00 60.02
25, 12 21.99 57.86 26, 12 19.99 57.89 27, 12 17.99 57.92 28, 12 15.99 57.94
25, 13 21.95 55.71 26, 13 19.95 55.76 27, 13 17.96 55.81 28, 13 15.96 55.86
25. 14 21.88 53.55 26, 14 19.89 53.64 27, 14 17.90 53.71 28, 14 05.91 53.78
25. 15 21.78 51.40 26. 15 19.80 51.51 27, 15 17.82 51.61 28. 15 15.84 51.70
25. 16 21.65 49.25 26. 16 19.69 49.39 27. 16 17.72 49.52 28. 16 15.75 49.63
25, 17 21.50 47.11 26, 17 19.55 47.27 27, 17 17.60 47.42 28, 17 15.65 47.-5
25,. 8 21.32 44.97 26, 18 19.39 45.16 27. I8 17.45 45.33 28. 38 15,52 45.48
25. 19 21.11 42.84 26. 19 19.20 43.85 27, 19 07.29 43.24 28. 19 15.37 43.41
25, 20 20.88 40.71 26. 20 18.99 40.95 27, 20 17.10 41.16 28, 20 15.20 41.34
25. 21 20.62 38.59 26, 21 18.75 38.85 27, 21 16.89 39.08 28, 21 15.02 39.28
25. 22 20.33 36.48 26, 22 18.49 36.76 27, 22 16.65 37.00 28, 22 14.81 37.22
25, 23 20.02 34.37 26, 23 18.21 34.67 27, 23 16.40 34.94 28, 23 14.59 35.17
25. 24 19.68 32.28 26, 24 17.91 32.59 27, 24 16.13 32.87 28. 24 14.35 33.12
25. 25 19.32 35.19 26, 25 17.58 30.52 27, 25 15.84 30.81 28, 25 14.09 31.07
25, 26 18.94 28.11 26, 26 17.24 28.46 27, 26 15.53 28.76 28, 26 13.82 29.03
25, 27 18.53 26.05 26, 27 16.87 26.40 27, 27 15.20 26.72 28, 27 13.52 27.00
25, 28 18.10 23.99 26, 28 16.48 24.35 27, 28 14.85 24.68 28, 28 13.22 24.97
25, 29 17.65 21.94 26, 29 16.07 22.31 27, 29 14.48 22.65 28, 29 12.89 22.9"
25, 30 17.18 19.91 26. 30 15.64 20.28 27, 30 14.10 20.62 28, 30 12.55 20.9225. 31 16.68 17.88 26, 31 15.20 18.26 27, 31 13.70 18.60 28, 31 12.20 18.91

50G I-J LAT(DEG) N LO(DEG) W SOG I-J LAT(DEGI N LONIDEGI 1 500 I-J LAT(DEG) N LO(DEG W

29, 1 13.14 80.58 30, 1 11.27 80.42 31, 1 9.39 80.30
29, 2 13.30 78.53 30, 2 11.41 78.39 31, 2 9.51 78.27
29, 3 13.45 76.48 30, 3 11.53 76.35 31, 3 9.61 76.25
29, 4 13,58 74.43 30, 4 11.64 74.31 31, 4 9.70 74.22
29. 5 13.69 72.37 30. 5 11.74 72.28 31, 5 9.78 72.19
29. 6 13.79 70.32 30. 6 11.82 70.23 31, 6 9.85 70.17
29. 7 13.86 68.26 30, 7 11.89 68.19 31, 7 9.91 68.14
29, 8 13.93 66.20 30, 8 11.94 66.15 31. 8 9.95 66.1129. 9 13.97 64.14 30. 9 11.97 64.01 31. 9 9.98 64.00 -
29, 10 14.00 62.08 30, 10 12.00 62.06 31. 10 10.00 62.05
29. 11 14.00 60.02 37. 11 12.00 60.02 31, 11 10.03 60.7229. 12 14.00 57.96 30. 12 12.00 57.97 31, 12 10.10 57.99
29. 13 13.97 55.90 30, 13 11.97 55.93 31, 13 9.98 55.96
29, 14 13.93 53.84 30, 14 11.94 53.89 31, 14 9.95 53.93
29. 15 13.87 51.78 30, 15 11.89 51.84 31, 15 9.91 51.90
29, 16 13.79 49.72 30, 16 11.82 49.80 31. 16 9.85 49.87
29. 17 13.69 47.66 30, 17 11.74 47.76 31, 17 9.78 47.84
29, 1 13.58 45.61 30, 18 11.64 45.72 31. 18 9.71 45.81
29, 19 13.45 43.56 30, 19 11.53 43.60 31. 19 9.61 43.79
29, 20 13.31 41.51 30, 20 11.41 41.65 31. 20 9.51 41.76
29, 21 13.15 39.46 30, 21 11.27 39.61 31, 21 9.40 39.74
29, 22 12.97 37.41 30, 22 11.12 37.58 31, 22 9.27 37.71
29, 23 12.77 35.37 30, 23 10.95 35.55 31, 23 9.13 35.69
29, 24 12.56 33.33 30, 24 10.78 33.52 31, 24 8.98 33.67
29, 25 12.34 31.30 30, 25 10.58 31.49 31, 25 8.83 31.66
29. 26 12.10 29.27 30, 26 10.38 29.47 31, 26 8.66 29.64
29, 27 11.85 27.24 30, 27 10.16 27.45 31, 27 8.47 27.63
29. 28 11.50 25.22 30. 28 9.93 25.43 31. 28 8.28 25.62
29, 29 11.29 23.20 30, 29 9.69 23.42 31. 29 8.08 23.61
29. 30 11.00 21.18 30, 30 9.44 21.41 31, 30 7.87 21.60
29, 31 10.69 19.17 30, 31 9.17 19.40 31, 31 7.65 19.59
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Table 1 (Continued)

S00 0-J LAT(DEG) N LONCDEG) W 500 1-J LAT(DEG) N(DEG) W 50 1-J LAT(DEG) N LON(DEG) W SO 0-J LAT(DEG) N LCN(DEG) W

13, 1 42.52 87.67 14, 1 40.74 86.85 15. 1 38.95 86.11 16, 1 37.15 85.43
13, 2 43.16 85.08 14, 2 41.34 84.33 15, 2 39.52 83.63 16, 2 37.68 83.00
13, 3 43.74 82.45 14. 3 41.89 81.75 15, 3 40.03 81.12 16, 3 30.16 80.54
13. 4 44.26 79.76 14, 4 42.37 79.14 15, 4 40.48 78.56 16, 4 38.58 70.05
13. 5 44.71 77.03 14, 5 42.80 76.48 15, 5 40.88 75.98 16, 5 38.95 75.53
13. 6 45.10 74.26 14. 6 43.16 73.79 15. 6 41.22 73.37 16. 6 39.27 72.98
13. 7 45.42 71.46 14 7 43.46 71.08 15. 7 41.50 70.73 16. 7 39.53 70.42
13. 8 45.67 68.63 14, 8 43.69 68.33 15, 8 41.72 68.07 16. 8 39.73 67,83
13. 9 45.85 65.77 14, 9 43.86 65.57 15, 9 41.87 65.40 16, 9 39.88 65.24
13, 10 45.96 62.90 14, 10 43.96 62.80 15, 10 41.97 62.71 16, 10 39.97 62.63
13. 11 46.00 60.02 14, 11 44.00 60.02 15. 11 42.00 60.02 16. 11 40.00 60.02
13. 12 45.96 57.15 14, 12 43.97 57.24 15, 12 41.97 57.33 16, 12 19.97 57.41
13. 13 45.85 54.28 14. 13 43.86 54.47 15. 13 41.87 54.65 16. 13 59.88 54.81
13. 14 45.68 51.42 14. 14 43.70 51.71 15. 14 41.72 51.97 16. 14 39.74 52.21
13. 15 45.43 48.59 14. 15 43.46 48.97 15, 15 41.50 49.32 16, 15 39.53 49.63
13, 16 45.11 45.78 14, 16 43.17 46.25 15, 16 41.22 46.68 16, 16 39.28 47.06
13, 17 44.72 43.01 14, 17 42.81 43.56 15, 17 40.88 44.06 16, 17 38.96 4'.52
13, 18 44.27 40.28 14, 18 42.38 40.91 15, 18 40.49 41.48 16, 18 38.59 42.00
13, 19 43.75 37.60 14, 19 41.90 38.29 15, 19 40.04 38.93 16, 19 38.17 19.50
13, 20 43.17 34.96 14. 20 41.35 35.72 15, 20 39.53 36.41 16, 20 37.69 37.04
13, 21 42.53 32.37 14, 21 40.76 33.19 15, 21 38.96 33.93 16, 21 37.16 34.61
13. 22 41.84 29.84 14. 22 40.10 30.71 15: 22 30.35 31.49 16. 22 36.59 32.22
1 2. 23 41.09 27.37 14. 23 39.40 28.27 15. 23 3 62 35.97 29.86
13, 24 40.29 24.95 14, 24 38.64 25.89 15, 24 36.98 26.75 16, 24 35.30 27.54
13. 25 39.44 22.60 14, 25 37.84 23.56 15, 25 36.22 24.44 16, 25 34.59 25.26
03. 26 38.54 20.30 14. 26 36.99 21.28 15, 26 35.42 22.18 16, 26 33.83 23.02
13, 27 37.60 18.05 14, 27 36.10 19.05 15, 27 34.58 19.97 16, 27 33.04 20.82 " -
13. 28 36.62 15.87 14. 28 35.17 16.87 15, 28 33.70 17.80 16, 28 32.21 18.66
13. 29 35.60 13.74 14, 29 34.20 14.74 15, 29 32.78 15.67 16, 29 31.34 16.54
13. 30 34.54 11.67 14. 30 33.20 12.66 15, 30 31.83 13.59 16, 30 30.44 14.46 .-"
13. 31 33.45 9.65 14, 31 32.16 10.63 15, 31 30.85 11.55 16, 31 29.51 12.42

50G I-J LAT(DEG) N LON(DEGI W 500 0-J LAT(DEG) N LODEG W S00 0-J LATIDEG) N LOHODEG) W 50G I-J LAT(DEG N LON(DEG) W
17. 1 35.34 84.81 18. 1 33.52 84.24 19. 1 31.70 83.72 20. 1 29.86 83.24
17, 2 35.894 82.42 18, 2 33.98 81.90 19. 2 32.13 81.42 20. 2 30.26 00.7?
17. 3 36.28 80.01 18, 3 34.40 79.53 19, 3 32.51 79.10 20, 3 30.62 78.70
17. 4 36.68 77.57 18, 4 34.77 77.15 19, 4 32.86 76.76 20, 4 30.94 76.40
17. 5 37.03 75.11 18. 5 35.09 74.74 19. 5 33.16 74.40 20, 5 31.22 74.09
17, 6 37.32 72.63 18. 6 35.37 72.31 19. 6 33.41 72.03 20, 6 31.46 71.76
17, 7 37.56 70.13 18. 7 35.59 69.87 19. 7 33.62 69.64 20, 7 31.65 69.43
17, 8 37.75 67.62 18. 8 35.77 67.42 19. 8 33.79 67.24 20, 8 31.00 67.08
07, 9 37.89 65.09 18, 9 35.90 64.96 19, 9 33.91 64.84 20. 9 31.91 64.73
17, 10 37.97 62.56 18., 10 35.97 62.49 19, 10 33.98 62.43 20, 10 31.98 62.38
17. 1 38.00 60.02 18, 11 36.00 60.02 19, 11 34.00 60.02 20, 11 32.00 60.02
17: 12 37.97 57.48 18. 12 35.97 57.55 19, 12 33.98 57.61 20, 12 31.98 57.66
17. 13 37.89 54.95 18. 03 35.90 55.08 19. 13 33.91 55.20 20, 13 31.91 55.31
17, 04 37.76 52.43 18, 14 35. 77 52.62 19. 04 33.79 52.80 20, 14 31.01 52.96
17, I5 37.57 49.91 18, 15 35.60 50.17 19. 15 33.63 50.40 20. 15 31.65 50.61
17. 16 37.32 47.41 18, 16 35.37 47.73 19, 16 33.42 48.02 20, 16 31.46 48.28
17. 17 37.03 44.93 18, 17 35.10 45.30 19. 17 33.16 45.64 20, 17 31.22 45.95
17. 18 36.69 42.47 18: 18 34.78 q2.90 19. 18 32.06 43.28 20. 18 30.95 40.64
17. 19 36.29 40.03 18. 19 34.41 40.S1 19. 19 32.52 40.94 20. 19 30.63 41.34
17, 20 35.04 37.62 18. 20 33.99 38.14 19. 20 32.13 38.62 20, 20 30.27 39.'6
17, 21 35.35 35.23 18, 21 33.53 35.00 19. 21 31.70 36.32 20. 71 29.07 36.79
17, 22 34.81 32.88 18, 22 33.03 33.49 19. 22 31.24 34.04 20. 22 29.43 34.55
17. 23 34.23 30.56 18. 23 32.48 31.20 19. 23 30.73 30.79 20. 23 20.96 32.32
17 24 33.60 28.27 18, 24 31.90 28.94 19, 24 30.18 29.56 20, 24 28.45 30.12
17. 25 32.94 26.02 10. 25 31.27 26.71 19, 25 29.59 27.35 20, 25 27.90 27.94
17, 26 32.23 23.80 18, 26 30.61 24.51 19, 26 28.97 25.17 20, 26 27.32 25.78
17. 27 51.48 21.61 18, 27 29.91 22.34 19. 27 28.32 23.02 20, 27 26.71 23.64
17, 28 30.70 19.46 10 28 29.17 20.21 19. 28 27.63 20.89 20. 28 26.07 21.53
17. 29 29.0 17.35 18, 29 28.40 18.10 19. 29 26.91 18.79 20, 29 25.39 29.44
07. 30 29.03 15.27 18, 30 27.60 16.02 19. 30 26.15 1.72 20. 30 24.69 27.3717, 31 28.15 13.23 18, 31 26.77 13.98 19. 31 25.37 1.68 J 20, 3 23.94 15.33

50 0-J LAT(DEGI N LON(DEG 6 500 I-J LAT(DEG) N LODEG) W SOG I-J LAT(DEG N LODEG) W 500 I-J LAT(DEG) N LONDEG) W

20. 1 28.02 82.81 22. 1 26.18 02.42 23. 1 24.33 82.06 24. 1 22.47 81.74
21. 2 28.39 80.50 22, 2 24.52 80.22 23. 2 24.64 79.89 24. 2 22.76 79.59
21. 3 28.73 70.34 22. 3 26.83 78.01 23. 3 24.92 77.71 24. 3 23.02 77.44
21. 4 29.02 76.08 22. 4 27.10 75.78 23. 4 25.17 75.52 24, 4 23.24 75.20
21. 5 29.28 73.81 22, 5 27.34 73.55 23. 5 25.39 73.32 24, 5 23.4 73.11
21. 6 29.50 71.53 22, 6 27.54 71.31 23. 6 25.58 71.12 24, 6 23.61 70.94
21 7 29.68 69.24 22, 7 27.70 69.06 23. 7 25.73 68.90 24. 7 23.75 68.76
21. 8 29.82 66.94 22. 8 27.83 66.81 23, 8 25.85 66.69 24, 8 23.86 66.58
21. 9 29.92 64.64 22. 9 27.93 64.55 23, 9 25.93 64.47 24, 9 23.94 64.39
21, 10 29.98 62.33 22. 10 27.98 62.28 23. 10 25.98 62.24 24. 10 23.99 62.21
21, 11 3.0O0  60.02 22. 11 20.00 60.02 23. 11 26.00 60.02 24, 11 24.00 60.C2
21, 12 29.40 57.71 22. 12 27.98 57.75 23. 12 25.98 57.79 24. 12 23.99 57.03
21, 13 29.92 55.40 22. 13 27.93 55.49 23, 13 25.93 55.57 24. 13 23.94 55.64
21, 14 29.82 53.10 22. 14 27.84 53.23 23. 14 25.85 53.35 24. 14 23.86 50.4$
21, 15 29.68 50.80 22, 15 27.71 50.98 23. 15 25.73 51.13 24. I 23.76 51.27
21. 16 29.50 48.51 22. 16 27.54 48.73 23, 16 25.58 48.92 24. 16 23.62 49.10
21 17 29.28 46.23 22. 17 27.34 46.49 23, 17 25.39 46.72 24. 17 23.45 46.52
21 18 29.03 43.96 22, 18 27.10 44.25 23, 18 25.18 44.52 24. 18 23.25 44.76
21. 19 28.73 41.70 22. 19 26.83 42.03 23. 19 24.93 42.33 24. 19 23.02 42.60
21 20 28.40 39.46 22. 20 26.52 39.82 23. 20 24.64 40.15 24. 20 22.76 40.44
21. 21 28.03 37.23 22. 21 26.18 37.62 23, 21 24.33 37.98 24, 21 22.48 30.30
21. 22 27.62 35.01 22. 22 25.81 35.43 23. 22 23.99 35.82 24. 22 22.16 06.16
21 23 27.18 32.82 22. 23 25,40 33.26 23 23 23.61 33.67 24. 23 21.82 34.04
21. 24 26.71 30.64 22, 24 24.96 31.11 23. 24 23.21 31.54 24. 24 21.45 31.93
21. 25 26.20 28.48 22. 25 24.50 28.97 23, 25 22.78 29.42 24. 25 21.05 29.02
21. 26 25.67 26.33 22, 26 24.00 26.84 23. 26 22.32 27.31 24. 26 20.63 27.73
21. 27 25.10 24.21 22. 27 23.47 24.7 23. 27 21.83 25 22 24. 27 20.18 25.63
21. 28 24.50 22.11 22. 28 22.91 22.63 23. 28 21.32 23.14 24, 28 19.71 23.55
21. 29 23.87 20.03 22. 29 22.33 20.57 23. 29 20.78 21.07 24. 29 19.22 21.53
21. 30 23.21 17.97 22, 30 21.72 18.52 23. 30 20.22 19.03 24, 30 19.70 19. 4)
21. 31 22.53 15.93 22. 31 21.09 16.68 23. 31 19.63 16.99 24, 31 18.16 17. 6

(Continued) (Sheet 2 of 3)
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Table I

Atlantic Phase I SOC Latitude - Longitude Coordinates*

50G I-J LAT(DEG) N LON(DEG W S0G I-J LAT(DEG N LON(DEGI W $OG 0-J LAT(DEG N LO(DEG W S0 1-J LATiDEG) N LO,(DEG) W

1. 1 62.00 106.79 2. 1 60.59 104.19 3. 1 59.13 101.84 4. 1 57.62 99.72
1. 2 63.33 103.55 2. 2 61.85 100.95 3. 2 60.31 98.64 4. 2 58.73 96.56
1, 3 64.58 99.99 2, 3 63.02 97.45 3. 3 61.41 95.20 4, 3 59.75 93.21
1, 4 65.74 96.11 2, 4 64.10 93.67 3, 4 62.41 91.53 4, 4 60.69 89.65 p
1. 5 66.79 91.$8 2, 5 65.07 89.60 3, 5 63.32 87.62 4, 5 61.53 85.89

1, 6 67.72 87.30 2, 6 65.93 55.23 3, 6 64.10 83.46 4, 6 62.26 81.9-
1. 7 68.51 82.37 2, 7 66.65 80.60 3. ? 64.77 79.09 4. 7 62.87 77.81
1. 8 69.14 77.12 2. 8 67.23 75.71 3. 8 65.30 74.52 4. 8 63.36 73.51
1. 9 69.61 71.60 2. 9 67.65 70.61 3. 9 65.68 69.79 4, 9 63.71 69.10
I. 10 69.90 65.88 2, 10 67.91 65.37 3, 10 65.91 64.95 4, 18 63.92 64.59
1. 11 69.99 60.05 2, 11 67.99 60.05 3, 11 65.99 60.04 4, 11 63.99 60.04
1. 12 69.90 54.22 2. 12 67.91 54.72 3, 12 65.92 55.14 4, 12 63.92 55.49
1. 13 69.62 48.50 2, 13 67.65 49.48 3. 13 65.69 50.29 4, 13 63.71 50.98
1. 14 69.15 42.97 2. 14 67.23 44.38 3, 14 65.30 45.56 4, 14 63.36 66.56
1. 15 68.52 37.72 2. 15 66.66 39.48 3. 15 64.78 40.98 4. 15 62.88 42.227

1. 16 67.73 32.78 2, 16 65.94 34.84 3, 16 64.12 36.61 4. 16 62.27 38.13
1: 17 66.81 28.9 2 17 65.09 30.48 3. 17 63.33 32.45 4. 17 61.54 34.17
1. 18 65.76 23.96 2, 18 64.12 26.40 3. 18 62.43 28.53 4. 18 60.71 30.41
1. 19 64.60 20.07 2. 19 63.n4 22.61 3, 19 61.43 24.86 4. 19 59.77 26.85

1. 20 63.35 16.51 2. 20 61.87 19.10 3. 20 60.33 21.42 4. 20 58.74 23.49
1. 21 62 02 13.26 2. 21 60.62 15.87 3. 21 59.15 18.21 4, 21 57.64 20.34
0. 22 60 62 10.29 2, 22 59.29 12.87 3, 22 57.90 15.23 4, 22 56.45 17.37
1. 23 59.16 7.57 2. 23 57.90 10.11 3. 23 56.58 12.45 4, 23 55.20 14.59

1. 26 57.64 5.07 2. 24 56.46 7.56 3. 24 55.21 9.86 4, 24 53.90 11.98
i, 25 5608 2.78 2. 25 54.96 5.20 3, 25 53.78 7.45 4, 25 52.53 9.54
1. 26 54.48 0.67 2, 26 53.43 3.01 3. 26 52.33 5.20 4, 26 51.13 7.24
0. 27 5285 -1.28 2. 27 51.86 0.97 3, 27 50.80 3.09 4. 27 49.67 5.38
1. 28 51.19 -3.08 2, 28 50.25 -0.93 3, 28 49.25 7.12 4. 28 48.19 3.05
1. 29 49.50 -4.77 2. 29 48.62 -2.70 3. 29 47.67 -0.73 4, 29 46.66 1.13
1. 30 47.79 -6.33 2, 30 46.96 -4.36 3, 30 46.06 -2.47 4, 30 45.11 -0.68
1. 31 46.06 -7.80 2, 31 45.27 -5.92 3. 31 44.43 -4.11 4. 31 43.53 -2.39

50G -J LA0DEG) N LO(DEG W 50G -J LATDEG) N LON(DEG) W 50G l- LAT(DEG) N 1ON(0EG W 500 0-J LAT(DEG) N LODEG) W

5. 1 56.06 97.80 6. 1 54.46 96.07 7. 1 52.83 94.50 8. 1 51.16 93.08
5. 2 57.10 94.70 6. 2 55.46 93.03 7. 2 53.75 91.53 8, 2 52.03 90.18
5. 0 50 06 91.43 6, 3 56.34 89.85 7. 3 54.60 88,44 8. 3 52.83 87.17
5. 4 58.94 87.99 6, 6 57.16 86.52 7, 4 55.36 85.22 8. 4 53.54 84.C5
51 5 59.72 84.38 6, 5 57.89 83.05 7, 5 56.04 81.88 8, 5 54.18 80.83
5. 6 60.40 80.61 6, 6 58.52 79.45 7, 6 56.62 78.45 8, 6 54.72 77.52I 5. 7 60.96 76.69 6, 7 59.04 75.73 7. 7 57.11 74.80 8, 7 55.17 74.03
5. 8 61.41 72.65 6. 8 59.45 71.90 7. 8 57.49 71.25 8, 8 55.53 70.67
5. 9 61.73 68.50 6. 9 59.75 67.99 7. 9 57.77 67.55 8, 9 55.79 67.16
5. 10 61.93 64.29 6, 10 59.93 64.03 7, 10 57.94 63.80 8, 10 55.94 63.62
5. 11 61.99 60.04 6, 11 60.00 60.03 7. 11 58.00 60.03 a. 11 56.00 60.03
5. 12 61.93 55.70 6. 12 59.94 56.04 7. 12 57.94 56.26 8. 12 55.95 56.46
5. 13 61.74 51.57 6. 13 59.76 52.07 7. 13 57.77 52.52 8. 13 55.79 52.90
5. 14 61.41 47.42 6, 14 59.46 48.17 7, 14 57.50 48.82 8, 14 55.54 49.39
5. 15 60.97 43.37 6, 15 59.05 44.34 7, 15 57.12 45.18 8, 15 55.18 45.93
5, 16 60.40 39.45 6, 16 56.53 40.61 7, 16 56.63 41.63 8 16 54.73 42.53
57 17 59.73 35.68 6, 17 57.90 37.01 7. 17 56.05 38.18 8. 17 54.19 39.22
5. 10 50.95 32.07 6, 18 57.18 33.53 7. 18 55.37 34.84 0, 18 53.56 36.00
5. 09 50.08 28.62 6 19 56.36 30.20 7 19 54.61 31.62 8, 19 52.84 32.89
520 5702 25.35 6. 20 55.46 27.02 7. 20 53.76 28.52 0. 20 52.05 29.07
5 56.0 27.25 6. 1 54.48 23.98 7. 21 52.84 25.55 8. 21 51.10 26.97
522 54.96 19.32 6 22 53.42 21.09 722 51.85 22.71 822 50.24 24.0
5. 70 53.78 16.55 6. 23 52.30 18.35 7. 23 50.79 20.00 8. 23 49.24 21.50
5. 24 52 53 13.94 6. 24 51.12 15.74 7. 24 49.67 17.40 8, 24 40.10 18.94

5 25 5123 11.47 6, 25 49.89 13.27 7: 25 4850 14.93 8: 25 47.06 1647
5, 215 49 89 9.15 6. 26 48.60 10.92 7, 26 47.27 12.59 8, 26 45.90 14.11
5. 27 40.50 6.95 6, 27 47.27 8.69 7. 27 46.00 10.33 8 27 44.68 11.85
5, 2 4 47.07 4.87 6. 28 45.90 6.50 7, 28 44.69 0.18 8. 20 43.43 9.69
5, 29 45 60 2 90 6. 29 44.49 4.56 7. 29 43.33 6.13 8 29 42.13 7.61
5 00 44 10 1.03 6 30 43.05 2.64 7, 30 41.95 4.17 0. 30 40.80 5.62
5. 31 42 50 -0.75 6. 3 4 41.58 0.02 7. 31 40.53 2.30 0. 31 39.44 5.7121 7. a, 31 3 .437

50G I-J LAT(EG) N LNDEG) j 501G -J IAT(DEG) N LON(DEG W 5 -J LAT(DEG10100 N LONDEG) W SD -5 LAT(DEG) N LO[9DEG) W ,,.

9. 1 49 4g 91 10. 1 47.76 90.61 11, 1 46.03 89.54 12, 1 44.29 88.56
9, 2 50 29 an q, 10, 2 48.53 87.84 11. 2 46.76 86.83 12, 44.97 85.92
9. 0 58 0 13, 49.24 84.99 11. 3 47.42 84.06 12, 3 45.50 83.21

91 4 49.06 02.07 4II 4 40.01 0.22 4 46.14 00.46
9 5 5' 00 t 90 10. 5 50 42 79,07 11, 5 48.52 78,32 12, 5 46.62 77.64
9 6 52 72 0 6 5009 76.00 11. 6 48.97 75,36 12, 6 47.04 74.78
1, 7 3 , 3 47 10. 7 5129 72.08 11: 7 49.33 72.36 12. 7 47.30 71.08
9 8 6 '. "1 0 10 8 5 59 69.71 11 9 49.62 69.30 12. 8 47.65 68.95
9 0 5 0 6 91 10. 9 51.02 66.51 11, 9 49.83 66.23 12. 9 47.894 65.99

, 51 4 10 0 50.95 63.27 11, 49.95 63.16 12. 10 47.96 63.01
1 54 00 40 01 10 11 52 .0 60.03 Ii, It 50.00 60,03 12. 11 40.00 60.03

9 12 51 q5 5o 6 0 12 5195 56.78 11 12 49.96 56,92 12, 12 47.96 57.04
9. 1 X 1 10. 13 51 82 50.55 11. 13 49.83 53.02 12. 13 47.84 54.06
9: 14 9 10 14 5.60 50.34 11. 14 49 63 50.74 12, 14 47.65 51.13
1. 5 59 I. 1 50 29 47.17 00. 15 49.34 67.70 12. 15 47.38 8.17
9. 16 52 0 10 16 53 90 44.05 11 16 48.97 44,69 12, 06 47.04 45.27
9. 17 5o 40 15 10 17 50 4 40.98 11, 17 60.53 41.73 12, 17 46.63 42.41
9, 19 51 72 7 05 10 49 37.98 11. 19 48 02 38.83 12 1 466.15 39.59
1. 19 51 05 7. 05 10, 19 49.25 35.06 113 9 47.3 35.99 12. 19 45.59 36.83
9. 20 57 (1 31 10 10 20 48 55 1 2 1 11 20 46.77 33. 12. 20 44,98 34.13
9, 1 41 9 18 26 10 201 47 78 29.44 11 21 46.05 30..L 12, 21 45.30 31.48
9. 22 49 41 25 51 10. 22 46.95 26.76 11, 22 45.26 27.88 12. 22 43.56 28.90
9. 20 4 64 22 09 0. 29 46 05 24 16 11, 23 44.42 25.32 12. 23 42.76 2,39
9. 24 46 66 20 34 10. 24 4510 21.64 11. 24 43.52 22.84 12. 24 41.92 23.94

925 45 60 1?90 13 25 44.10 09.201 10 25 42.57 20.43 12. 25 41.02 215
9 26 4' 49 15 54 10. 26 40.04 16.87 11, 26 41.57 1810 12, 26 40.07 19.24
9. 27 40 7 10 20 l0 27 41.94 14.60 111 27 40.52 05.84 12, 27 39.00 76.99
9. 28 427 i 11.10 [ 1 . 28 40 80 12.42 111 28 39.44 13.65 12, 28 38.04 16.80
9. 29 40 97 9.00 l. 29 39.62 10.70 11. 29 30.1 1153 12. 29 36.97 12.67
9. 00 09 62 4.90 10. 30 30.40 8.2 11 30 37.14 9.47 12. 30 15.86 10.60
9. 31 08.01 5.04 1 I., 0 17.15 6.29 It. 31 35.95 7.40 12. 31 34.71 0.60 !
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PART IX: SUMMARY

33. The objective of ACWIS was to provide the US Army Engineers (USAE)

*. with hindcast wave and water level information for the US Atlantic coast.

This report shows that additional valuable information has been produced as

part of the WIS working toward its goal. The procedures used and the data

produced have been presented previously in several WIS reports. Since many of

the details of the data processing for the WIS are not included in this sum-

mary report, reports listed in the references and bibliography should be re-

viewed for a more complete understanding of the WIS. The ACWIS has produced

and archived extensive surface pressure data and open-ocean wind data as well

as hindcast wave and water level information. All data produced by the ACWIS

are summarized in Table 7.

34. In addition to WIS data reports (Corson et al. 1981, Corson et al.

1982, Ebersole 1982, and Jensen 1983a), the Atlantic hindcast wave data have

been archived for the USAE on the computer-based data system. SEAS has been

updated with deepwater wave data from the Pacific Ocean and in the near future

will be extended to include shallow-water wave transformations.
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Table 6

National Ocean Service, East Coast Tidal Stations

Location Data
Station Latitude Longitude Available
No. Station Name North West for Years

841-0140 Eastport, Maine 44054.2' 66059.1' 1940-1967

841-3320 Bar Harbor, Maine 44023.5' 68012.3' 1947-1967 -

841-8150 Portland, Maine 43039.4' 70014.8' 1940-1967

841-9870 Seavey Island, Maine 43004.9' 70044.7' 1940-1967

-- 844-3970 Boston, Mass. 42021.3' 71003.0' 1936-1965

844-7930 Woods Hole, Mass. 41031.5' 79040.4' 1932-1964

845-2260 Newport, R. 1. 41048.4' 71024.1? 1940-1966

*846-1490 New London, Conn, 41021.5' 72005.5? 1938-1954

851-0560 'lontauk Pt., N. Y. 41002.9' 71057.6' 1947-1967

851-tb9qo 6iilets Pt., N. Y, 40047.6? 73046.9? 1940-1967

111t.7ro FO Bajttery, N. Y. 40042.0' 74005.5? 1936-1968

8531-16t80 Sid- Hook, N. J. 40028.0? 74000.1? 1940-1967

851-47,10 At lantit City, N. J. 37021.3' 74025.1? 1955-1960

197 1-1981
855-738o Lewes, Del. 38046.9? 75007.2? 1950-1973

863-861o Hampton. Roads, Va. 38056.8? 76019.9? 1927-1971

865-9084 Sotiport, N. C. 33054.9' 78001.1? 1933-1954

866-5930 Chdrleston, S. C. 32046.9? 79055.5' 1940-1966

867-0870 Fort Pulaski, Ga. 32002.0? 80054.1? 1935-1967

872-0220 Mayport, Fla. 30023.6? 81025.9? 1940-1969

872-3170 Miami Beach, Fla. 25046.1? 81007.9? 1972-1981
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